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DEDICATION. 


TO 

ROBERT  PERCEVAL,  ES M.D. 

PROFESSOR  OF  CHEMISTRY 

IN  THE 

UNIVERSITY  OF  DUBLIN. 


DEAR  SIR, 

I Beg  leave  to  infcribe  to  you 
this  Introduction  to  your  favourite  Science, 
as  a teftimony  of  my  fincere  ESteem  for 
your  Talents  and  Virtues.  Although  in 
many  refpeCts  it  may  fall  Short  of  what  I 
with,  and  you  deferve,  yet,  in  one  point  of 
view,  it  can  with  fome  confidence  lay- 
claim  to  your  notice,  as  being  an  attempt 
to  enlighten  and  improve  the  young  and 
uninformed  mind.  This  has  ever  been  the 
objeCt  of  your  aCtive  and  perfevering  exer- 
tions ; and  has  distinguished  your  charac- 
ter, as  a ProfetTor,  not  lefs  thap  the  clear- 
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nefs,  order,  and  precifion  of  your  Inflec- 
tions. Upon  thefe  topics  I might  expatiate 
with  great  pleafure ; but  confulting  your 
feelings  rather  than  my  own,  I fhall  be 
filent. 


I AM,  DEAR  SIR, 

WITH  UNALTERABLE  REGARD, 

YOUR  MOST  FAITHFUL  FRIEND, 


&c.  Isfc.  S*. 
RICHARD  STACK . 


DUBLIN , 

FEBRUARY  l802. 
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BEFORE  the  Reader  enters  upon  the 
following  Work,  it  feems  proper  to  fay  a few 
words  upon  its  nature  and  defign ; which  will 
enable  him  to  judge  how  far  it  is  calculated  to  at- 
tain the  ends  propofed — to  convey  ufeful  infor- 
mation, and  to  facilitate  the  fludy  of  a beautiful 
and  important  branch  of  knowledge.  With  re- 
gard to  the  fubjeft  itfelf,  little  need  be  offered  by 
way  of  recommendation.  Chemiflry  is  at  prefent 
efleemed  by  all  men  of  letters  to  be  an  objefl  of 
high  excellence  and  utility.  As  fuch,  it  has  of 
late  years  been  cultivated  with  fo  great  induflry 
and  talents,  that  it  claims  very  general  attention, 
and  merits  a diflinguifhed  place  in  the  Syflem  of 
Education.  Even  in  the  light  of  an  accomplifh- 
ment,  no  fludy  has  become  more  indifpenfable ; 
for  none  is  more  frequently  matter  of  difcourfe 
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in  polite  and  well  educated  focieties.  But,  as  a 
valuable  improvement  of  the  mind,  it  ranks  ftill 
higher;  for  no  fubjett  gives  a more  extenfive  and 
intimate  acquaintance  with  the  works  of  Nature. 

Mod  of  the  books,'  profeffedly  written  upon 
Chemiftry,  appear  to  be  rather  too  learned,  volu- 
minous, and  abftrufe,  for  the  common  clafs  of 
readers,  and  to  be  principally  adapted  to  men  of 
fcience  and  refearch.  There  are  others,  it  is 
true,  more  plain  and  familiar,  in  which  the  fub- 
jett is  incidentally  mentioned  : but  thefe,  being 
intended  for  mere  rudiments,  or  being  defultory 
treatifes,  containing  various  matters  befide  thole 
purely  chemical,  cannot  be  expetted  to  afford, 
upon  this  particular  head,  information  of  much 
extent,  method,  or  value.  To  remedy  thefe 
inconveniences,  an  elementary  or  introduttory 
Treatife  feemed  wanting ; which,  without  en- 
tering too  far  into  the  refinements  of  the  fcience, 
fliould  collett  a confiderable  variety  of  ufeful  mat- 
ter, arrange  this  in  perfpicuous  order,  and  explain 
it  in  a clear  and  proper  manner. 

Were  we  to  detail  the  whole  extent  of  this 
fcience,  we  fliould  have  to  enumerate  moft  bodies 
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upon  the  furface,  and  in  the  bowels  of  the  earth  y 
with  many  of  the  moil  flriking  and  important 
phenomena  of  Nature  : and  not  only  thefe,  but  a 
multitude  of  arts  and  manufactures,  which  owe  to 
its  dilcoveries  their  invention  or  improvement. 
1 his  vaft  extent,  while  it  adds  to  the  importance 
of  the  ftudy,  naturally  encreafes  its  labour  and 
difficulty,  fo  as  to  render  it  fcarce  compatible  with 
the  attainment  of  other  ufeful  knowledge  by  the 
young  ftudent,  unlefs  brought  within  fome  reafon- 
able  compafs.  The  fame  may  be  faid  of  perfons 
of  greater  maturity ; many  of  whom  would  cer- 
tainly defire  fome  general  acquaintance  with  the 
fubjeft,  although  prevented  by  their  duties  and 
avocations  from  devoting  to  it  a great  deal  of 
time  and  attention.  It  was  with  a view  to  accom- 
pliffi  fo  defirable  an  end,  that  the  preient  Work 
was  undertaken  and  conduced.  Upon  the  dif- 
ferent Theories,  and  fubtle  Difquifitions,  to  which 
the  fcience  has  given  rife,  it  fpeaks  little.  Plain 
fafts  are  its  chief  concern  ; and  even  of  thefe, 
fuch,  almofl:  exclufively,  as  have  been  applied  to 
practice,  and  go  to  eftablifh  the  principles,  in 
which  all  Chemifts  are  agreed.  From  the  almofl: 
infinite  number  and  variety  of  chemical  combina- 
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tions,  many  have  been  retrenched,  and  the  view 
confined  to  thofe  of  molt  importance.  To  give 
an  inftance  of  this : The  acids  of  different  fub- 
ftances  have,  for  the  mofl:  part,  a ftrong  tendency 
to  unite  with  other  bodies.  But  the  fulphuric, 
nitrous,  and  marine  acids,  poffeffing  this  property 
in  an  eminent  degree,  and  having  the  mod  exten- 
five  application  to  the  feveral  arts  and  ufes  of 

life,  are  not  only  treated  molt  diffufely  in  them- 

% 

felves,  but  likewife  their  combinations  with  me- 
tallic and  other  fubllances  arediftinftly  confideredj 
whereas,  the  other  acids  are  more  flightly  exa- 
mined, and  only  fuch  combinations  of  them 
noticed,  as  have  been  employed,  or  feem  to  con- 
duct, to  fome  valuable  purpofe. 

The  fame  attention  to  clearnefs  and  utility  re- 
gulates every  other  part  of  the  Work.  Subje&s 
of  daily  obfervation  and  experience,  which  have 
been  applied  to  the  benefit  and  convenience  of 
Man,  are  fele&ed,  and  treated  with  all  poffiblc 
plainnefs,  as  well  in  hating,  as  in  accounting  for 
the  fa&s — a method,  which,  it  is  conceived,  will 
be  likely  to  introduce  the  fludent  in  an  eafy  and 
agreeable  manner  to  a more  accurate  ftudy  of 
Chemiftry,  fliould  his  tafte  lead  him  that  way ; 
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but  which,  at  all  events,  will  furnifh  his  mind 
with  a great  deal  of  folid  and  delightful  inftruc- 
tion.  Among  other  fubje&s,  the  beautiful  and 
ufeful  arts  of  Pottery,  from  the  finell;  porcelain 
to  the  coarfelt  ware  ; the  making  of  Soap,  Glafs, 
&c.  y the  obtaining  of  Salt,  Saltpetre,  and  Gun- 
powder y the  working  of  mineral  Ores,  and  of 
Metals  j Refining,  Gilding,  Enamelling,  Diftil- 
ling.  Dyeing,  with  many  more,  equally  inftruc- 
tive,  will  be  found  here.  And  when  thefe  prac- 
tical and  important  matters  have  been  clearly  and 
fatisfa&orily  explained  in  their  principles,  the 
ftudent  will  then  be  better  prepared  to  advance 
into  the  higher  and  more  arduous  walks  of  the 
fcience,  and  to  proceed  in  his  courfe  with  lefs 
labour  and  trouble. 

In  Hating  the  Experiments,  a fimilar  rule  has 
been  obferved.  Inftead  of  detailing  all  their  par- 
ticular and  minute  circumftances,  which  would  too 
much  embarrafs  the  mind,  and  impede  its  progrefs 
toward  general  knowledge,  at  the  fame  time  ren- 
dering the  work  more  complicated  and  tedious, 
the  attention  is  dire&ed  to  the  main  points  on 
which  the  Experiment  turns ; and  the  moll  eafy 
forms  of  exprefiion,  confident  with  a juft  and 
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clear  explanation  of  its  principles,  are  employed. 
This  kind  of  preparatory  knowledge  will,  as  it 
were,  clear  the  ground,  and  open  the  view ; and 
will  enable  the  fludent  to  examine  at  more  leifure 
and  with  greater  attention  thofe  nice  and  delicate 
points  which  may  afterwards  occur,  and  which 
cannot  be  perfectly  underflood  perhaps,  unlefs  by 
a view  of  the  Experiments  themfelves.  If  any 
exceptions  to  this  fimple  method  fhould  be  found, 
they  are  cafes  more  immediately  concerning  arts, 
manufactures,  or  fome  other  practical  purpofe, 
and  on  thefe  accounts  they  are  treated  more  fully 
and  explicitly. 

Upon  the  fame  grounds  alfo,  the  new  Syflem 
is  annexed,  by  way  of  Appendix,  inftead  of  being 
incorporated  into  the  Work : which  method, 
though  it  may  be  lefs  fcientific,  appears  to  be 
much  better  adapted  to  the  cafe  and  convenience 
of  the  fludent,  and  more  agreeable  to  the  common 
order  of  his  conceptions.  Befides,  it  fhould  be 
confidered,  that  this  fyftem  has  adopted  a number 
of  new  and  difficult  terms  of  art,  which,  in  an 
early  flage  of  the  bufinefs,  might  too  much  dif- 
traCl  the  attention,  or  burthen  the  memory.  In- 
deed 
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deed  one  of  the  great  obdacles  in  fhe  way  of 
learning  Chemidry,  arifes  from  its  copious  nomen- 
clature : and  therefore  it  feems  bed,  in  an  ele- 
mentary treatife,  not  to  impofe  an  additional 
burthen,  before  fome  acquaintance  fhall  have  been 
made  with  the  fcience.  The  new  nomenclature, 
being  framed  upon  chemical  principles,  mud  be 
difficult  to  perfons  wholly  ignorant  of  thefe,  but 
will  appear  to  all,  who  underdand  them,  per- 
fectly fimple  in  its  condruCtion,  foon  learned, 
and  eafily  retained.  Familiar  objects,  for  this 
reafon,  are  fird  prefented  under  familiar  names, 
and  afterwards  thofe  which  arc  mod  fcientific  and 
remote  from  common  ufe.  But  the  old  doCtrines 
are  alfo  laid  down  in  fuch  a manner,  as  in  fome 
fort,  to  prepare  for  the  new,  without  as  yet 
adopting  the  terms.  Thus,  vital  air,  being  a 
condituent  part  of  our  atmofphere,  is  in  the 
Work  treated  under  the  general  head  of  Air  : 
but,  at  the  fame  time,  the  opinion  of  thofe 
Chemids  is  there  dated,  who  look  upon  it  to  be 
the  principle  of  combudion  and  of  acidity.  Now 
the  new  doctrine  calls  it  the  acid  principle,  under 
the  name  of  Oxygen  Gas.  Here  then  is  no 
inconfidency ; and  certainly,  whatever  be  the 
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nature  of  the  fubftance  in  queftion,  as  it  is  al- 
lowed on  all  hands  to  be  a conftituent  part  of  our 
atmofphere,  it  may  fairly  be  treated  under  that 
head.  There  is  another  circumftance  in  the  new 
fyftem,  which  further  recommends  the  method 
adopted,  as  more  fuitable  to  the  Work.  In 
Mathematics,  the  proportions  called  Axioms  and 
Populates  are  admitted  as  foon  as  heard ; and, 
from  their  ready  admiflion,  we  are  led  on  to 
truths  of  a more  complex  nature.  It  is  other- 
wife  in  the  new  fyftem  of  Chemiftry,  which  may 
be  almoft  faid  to  open  with  the  decifion  of  a nice 
and  important  queftion,  and  to  lay  down  as  prin- 
ciples, what  have  been  eftablifhed  upon  the  la- 
bours of  perfevering  induftry,  joined  to  refined 
fagacity.  It  may  be  faid,  perhaps,  that  they  are 
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founded  in  experiments,  which  fairly  prove  them. 
But  even  granting  this,  the  obje&s  are  too  vola- 
tile and  aerial  for  the  grafp  of  the  untutored  mind; 
and  we  had  better  make  known  the  exiftence  and 
obvious  properties  of  fuch  fubftances,  before  we 
commit  their  management  into  fuch  unfkilful 
hands.  However,  to  prevent  all  objection  on 
this  fcore,  the  new  Theory  is  laid  down  briefly 
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in  the  Appendix,  in  fuch  a manner,  that  the  old 
may  eafily  be  accommodated  to  it,  as  well  in 
method  as  in  terms ; and  a Table  is  added, 
giving  at  one  view  the  principal  combinations, 
with  their  refpeCtive  names  in  each  fyftem. 

It  has  been  a point  of  no  fmall  difficulty,  to  draw 
the  line  of  feparation  between  thofe  things,  which 
were  proper  to  be  admitted,  and  thofe  which  the 
nature  of  the  Work  was  obliged  to  exclude. 
The  man  of  fcience  will  perhaps  think  too  much 
has  been  pared  down  ; while  the  lazy  and  fuper- 
ficial  reader  may  wiffi  that  more  had  been  re- 
trenched. To  thefe  objections  the  anfwer  is  ob- 
vious. It  was  not  defigned  for  either  of  thefe 
defcriptions  of  perfons  ; but  for  thofe  who,  being 
unacquainted  with  the  fcience,  feek  for  general 
yet  found  inftruCtion,  combining  theory  with 
practice ; eafy,  yet  not  puerile ; and  rational, 
though  not  refined. 

Such  are  the  nature,  defign,  and  general  plan, 
of  this  familiar  Treatife  now  offered  to  the 
Public.  Should  they  be  approved,  and  the 
execution  be  found  fo  far  to  correfpond  with 
them,  as  to  facilitate,  and  thereby  diffufe  more 
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widely  the  ftudy  of  this  valuable  branch  of 
knowledge,  the  writer  will  confider  his  time  and 
pains  well  bellowed.  It  pretends  to  no  new 
difcoveries,  but  only  to  the  choice  and  arrange- 
ment of  materials,  which  have  been  employed 
by  approved  writers.  To  deliver  thefe  with 
clearnefs  and  fimplicity  is  its  chief  aim.  With 
the  philofophic  Chemift  is  left  for  the  prefent 
the  profecution  of  his  abltrufe  and  fublime  dif- 
coveries ; yet  not  without  entertaining  an  hope, 
that  the  lludent,  thus  inhituted,  may  at  fome 
future  period  emulate  his  lludies,  and  profit  by 
his  example. 

One  clafs  of  Students  feem  particularly  called 
upon  to  give  attention  to  this  fcience ; I mean 
the  Students  of  the  Univerfity.  Their  fituation, 
the  habits  of  clofe  reafoning  fo  well  taught  by 
their  academic  courfc,  and  the  opportunity  of 
hearing  Lectures,  both  public  and  private,  de- 
livered in  the  College ; thefe,  with  others  that 
may  be  named,  are  very  peculiar  advantages. 
Yet  thefe  advantages  are  loft  to  many,  for  want 
of  fome  general  information  upon  the  fubjefl ; 
which  would  naturally  lead  them  to  attend  thofe 
experimental  courfes,  that  fo  fully  prove,  and  fo 
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clearly  illuflrate  its  do&rines.  Such  are  their 
particular  inducements ; and  if  example  might 
quicken  their  ardour  in  this  purfuit,  there  are 
not  wanting  able  and  learned  men  of  our  own 
country,  who  have  adorned  the  fubjeft  with 
the  molt  ufeful  difcoveries,  and  the  moll  en- 
lightened views. 
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OF 

CHEMISTRT  IN  GENERAL , 

AND 

OF  THE  SUBSTANCES 

COMMONLY  CALLED 

ELEMENTS. 


CHAP.  I. 

CHEMISTRY  DEFINED  : ITS  METHOD,  AND 

TERMS  OF  ART  EXPLAINED,  AND  THE 
SUBJECT  DIVIDED. 

Chemistry  is  a Science,  which  teaches  the 
knowledge  of  fuch  mutual  aflions  of  the  minute 
parts  of  inanimate  bodies,  as  produce  evident 
changes  therein.  Thefe  a&ions  do  not  take 
place,  unlefs  when  the  particles  of  thofe  bodies 
are  in  contaft,  or  at  very  fmall  diftances  from  each 
other.  They  are  therefore  very  flight  between 
folid  bodies,  whofe  rigid  and  unyielding  forms 
prevent  the  parts  from  coming  near  each  other  in 
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any  confiderable  number  : whereas  it  being  the 
property  of  fluids  to  infinuate  themfelves  into  the 
pores  and  interflices  of  folid  bodies,  they  can  in 
fo  doing,  bring  about  a clofe  communication  be- 
tween the  parts  of  both,  in  a great  variety  of 
points,  and  in  all  directions.  Hence  it  has  be- 
come nearly  a maxim  in  this  fcience,  that  bodies 
do  not  aCt  chemically  upon  each  other,  except 
one  of  them  at  Ieaft  be  in  a fluid  ftate. 

There  are  two  methods  of  producing  this  fluid 
ftate,  fo  neceffary  in  chemical  proceffes  ; by  water 
and  by  fire.  The  parts  of  fome  bodies  are  dif- 
folved  by  water,  or  by  fubftances  which  by  means 
of  water  are  in  the  fame  kind  of  fluid  ftate  with 
it.  Others  are  melted  into  a liquid  ftate,  <w* 
driven  off  in  vapour  by  fire ; which  vapour  is 
only  a fluid  under  another  form.  Operations 
made  in  the  former  manner,  that  is,  by  means  of 
a fubftance  which  is  commonly  in  a fluid  ftate, 
are  faid  to  be  made  in  the  humid,  or  moift  way: 
operations  made  in  the  latter,  by  the  application 
of  heat,  are  faid  to  be  made  in  the  dry  way. 

All  thefe  operations  are  ranked  under  two 
general  heads,  viz.  Analyfis  and  Synthcfis. 

Analyfis , or  Decompofition,  confifts  in  refolving 
compounded  bodies  into  fuch  Ample  component 
parts,  as  are  heterogeneous,  /.  e.  of  different 
kinds.  To  illuftrate  this : If  a well-known  mine- 
ral fubftance,  called  Copperas-ftone,  be  expofed 
to  a certain  degree  of  heat,  it  will  foon  be  refolved 
into  melted  fulphur  and  iron  : and  if  the  operation 
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be  made  in  a clofe  veflel,  and  the  heat  be  encreaf- 
ed,  a yet  more  complete  reparation  "will  take 
place,  the  fulphur  being  driven  oft'  to  the  top  of 
the  veflel  in  the  form  of  vapour  and  there  col- 
lected in  a fort  of  powder,  while  the  iron  re- 
mains below.  Whence  it  is  manifeft,  that  the 
chief  ingredients,  which  compofe  that  compound- 
ed fubftance,  are  fulphur  and  iron. 

Synthejis , or  Compofition,  confifts  in  combin- 
ing fimple  heterogeneous  fubftances,  fo  as  to 
form  a compound.  Thus  as  before  : If  fulphur 
and  iron  be  mixed  together  in  a melted  ftate, 
they  form  an  artificial  mineral  refembling  the 
Copperas-ftone  in  its  nature  and  properties.  And 
hence  we  have  an  additional  proof  of  the  for- 
mer conclufion,  that  fulphur  and  iron  are  the 
chief  component  parts  of  that  natural  compound 
mineral  fubftance.  Both  thefe  methods  are  em- 
ployed in  chemical  enquiries  ; and  they  are  ufe- 
ful  if  not  neceflary,  for  the  purpofe  of  illuftrating 
and  comfirming  each  other ; as  is  plain  from  the 
inftance  juft  now  mentioned. 

Chemical  combination  differs  from  all  other 
forts  of  compofition  of  matter  ; whether  thefe  be 
made  with  fubftances  of  the  fame  kind,  which 
form  compounds  called  Aggregates ; or  by  blend- 
ing together  fubftances  of  different  kinds,  with- 
out effecting  an  intimate  union  between  their  mi- 
nute parts,  which  form  what  are  called  Mix- 
tures ; or  by  any  other  means  whatfoever,  where 
the  component  parts  do  not  fcnfibly  aCt  upon 
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each  other.  In  fuch  cafes  the  only  change,  that 
takes  place,  is  merely  in  the  weight  and  bulk  of 
the  bodies : whereas  in  chemical  combination, 
the  compound  has  for  the  mod  part  properties  en- 
tirely didiind  from  either  of  the  component  parts. 
Thus  two  certain  fubitances,  called  an  Acid  and 
an  Alkali,  each  of  which  burns  and  corrodes 
the  flefli  of  animals,  being  united  form  a com- 
pound perfectly  harmlefs  ; and  thus  two  fluids, 
each  quite  colourlefs,  form  a drongly  coloured 
compound.  So  that  an  entire  change  of  princi- 
ples here  feems  to  take  place,  and  the  bodies  (as 
Chemifls  fay)  to  penetrate  each  others  dimeniions. 
Chemical  combination  may  be  defined  then,  ac- 
cording to  Mr.  Kirwan,  that  power,  by  which 
the  invifible  parts  of  different  bodies  intermix, 
and  unite  fo  intimately,  as  to  be  infeparable  by 
mere  mechanical  means. 

The  mutual  aftions  of  bodies,  called  by  Che- 
mifts  Attractions i vary  greatly  in  different  bodies: 
for  while  fome  attract  each  other  with  great  rapi- 
dity and  force,  others  do  fo  but  flightly;  and  others 
hardly  fhew  the  lead:  difpofition  to  unite.  On  thefe 
accounts  it  has  been  found  convenient  to  note  down 
feveral  of  the  mod  remarkable  and  mod  important 
to  be  known,  in  tables  called  Tables  of  Affinities 
or  Elective  Attractions.  The  principle,  upon 
which  this  is  done,  may  be  explained  by  an  eafy 
and  familiar  indance.  Suppofe  common  fait  to 
be  difiblved  in  water  contained  in  a glafs ; if  fpi- 
ritsof  wine  be.  poured  in  the  two  fluids  will  com- 
bine, 
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bine,  and  the  lalt  being  difengaged  from  the  wa- 
ter will  be  feen  to  fall  to  the  bottom.  rI  he  water 
is  therefore  laid  to  have  a ftronger  affinity  or 
elective  attraction  to  the  lpirit  of  wine,  than  it 
has  to  the  fait.  It  may  here  be  obferved  that 
this  is  an  inflance  of  Analyfis  and  Synthefis  in  the 
humid  way  ; the  lpirit  of  wine  having  refolvcd 
the  fluid  into  which  it  was  poured,  into  its  com- 
ponent parts  fait  and  water  ; with  the  latter  of 
which  it  then  becomes  combined,  and  forms  a 
new  compound.  In  this  experiment  the  water 
is  called  the  Solvent  and  fometimes  the  Menjiru- 
um  : the  fpirit  of  wine  is  the  Precipitant : the 
mixture  of  fait  and  water,  as  alfo  the  fucceeding 
one  of  fpirit  of  wine  and  water,  are  called  Solu- 
tions of  thofe  refpeftive  bodies  in  the  water : 
and  the  fait,  which  fell  to  the  bottom,  is  called 
a Precipitate , but  may  better  be  defcribed  by  the 
name  of  feparated  Principle ; becaufe  the  difen- 
gaged fubftance  does  not  in  all  cafes  fall  to  the 
bottom.  Another  point  worthy  of  obfervation 
is,  that  the  feparated  principle  is  fometimes 
though  feldom  pure,  that  is,  has  undergone  no 
change,  either  by  the  action  of  the  body  with 
which  it  had  been  united,  or  by  that  of  the  body 
which  feparates  it : and  it  is  fometimes  impure 
on  either  or  both  of  thefe  accounts. 

The  ele&ive  attractions,  of  which  an  inflance 
has  been  already  given,  are  called  ftmple  elective 
Attractions.  There  are  others,  of  which  ex- 
amples frequently  occur,  called  double  elective  At * 
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iraflions ; which  will  be  belt  explained  by  an- 
other inflance.  If  volatile  alkali  or  fpirit  of  harts- 
horn be  combined  with  acid  or  oil  of  vitriol,  and 
the  folution  be  poured  upon  common  fait,  which 
confills  of  the  marine  acid  and  mineral  alkali, 
a double  change  will  take  place  by  ele&ive  at- 
traction ; the  acid  of  vitriol  will  unite  with  the 
mineral  alkali,  and  form  a fait  known  by  the 
name  of  Glauber’s  fait  from  its  inventor,  while 
the  marine  acid  and  volatile  alkali,  being  fet 
free,  will  be  attracted  to  each  other,  and  form  a 
fait  called  fal  ammoniac.  This  kind  of  attrac- 
tion frequently  takes  place  between  two  com- 
pounded bodies,  where  the  component  parts  of 
one  in  their  feparate  Hates  have  no  power  of  de- 
compofing  the  other. 

From  the  foregoing  ftatement  a general  con- 
ception may  be  formed  of  the  objeCt  of  chemiflry; 
its  method  of  proceeding ; the  nature  of  chemi- 
cal combination,  and  elective  attraction.  There 
are  many  particular  means  employed  for  carry- 
ing thefe  into  effeCt,  and  thereby  attaining  the 
important  ends  of  chemical  enquiries : Such  of 
them,  as  will  be  often  mentioned,  are  for  the 
greater  convenience  here  explained. 

If  any  body  be  dilTolved  in  a fluid,  the  folution 
can  proceed  only  to  a certain  point,  when  the  fluid 
will  become  unable  to  take  up  more  of  the  body: 
this  is  called  Saturation,  The  point  of  fatura- 
tion  varies  even  in  the  fame  fluid  : thus  in  moft 
cafes  it  is  higher  in  hot  than  in  cold  water,  the 
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former  being  able  to  bold  in  folution  a greater 
quantity  of  the  foluble  fubftance  than  the  latter. 

If  a fluid  be  expofed  to  heat,  natural  or  artifi- 
cial, or  to  air  and  particularly  dry  winds,  it  will 
gradually  be  diflipated  in  the  form  of  vapour ; as 
is  manifell  from  water  which  has  been  boiling  for 
fome  time,  or  lying  expofed  to  the  fun  and  air. 
This  is  called  Evaporation  : and  it  is  always  the 
greater  in  proportion  as  the  furface  expofed  is 
larger,  and  the  weight  of  the  air  lefs. 

Concentration  is  the  flrengthening  of  a fait  dif- 
folved  in  any  watery  fluid,  which  is  done  either 
by  evaporating  part  of  the  water,  or  by  caufing 
it  to  freeze,  and  taking  away  the  ice : for  the 
evaporated  water,  and  the  ice,  are  both  frefli, 
and  confequently  the  remaining  fluid  is  more 
flrongly  impregnated  with  fair,  as  containing  the 
fame  quantity  in  a lefs  meafure. 

Cryjlallization  is  that  property  of  bodies,  by 
which  they  are  difpofed,  when  changing  from  the 
fluid  to  the  folid  flate,  to  take  regular  forms 
called  Cryflals.  Thus,  if  common  fait  be  dif- 
folved  in  water,  and  you  evaporate  the  folution 
by  a gentle  heat,  the  fluid  will  become  folid,  and 
the  fait  will  form  itfelf  into  fix-fided  cryflals  cal- 
led cubes.  Each  fait  has  its  own  peculiar  forms, 
which  it  invariably  aflumes. 

Condenfation  confiils  in  cooling  bodies,  fo  as  to 
change  them  from  a fluid  to  a folid  hate,  as  water 
becomes  ice;  or  from  vapour  to  fluid,  as  fleam 
is  changed  into  water. 
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Diftillation  is  the  procefs,  by  which  the  vola- 
tile parts  of  bodies,  i.  e.  thofe  moft  eafily  driven 
off  by  heat,  are  raifed  in  the  form  of  vapours ; 
which  vapours  are  afterwards  condenfed,  and 
obtained  in  a liquid  form.  A Still  therefore  con- 
lifts  of  two  parts  ; one,  in  which  the  evaporation 
is  made  by  the  application  of  heat ; the  other,  in 
which  the  vapour  is  condenfed  by  cold.  Retorts 
are'veffels  ufed  for  this  purpofe  : they  are  of  a glo- 
bular form;  of  earthen  ware,  metal  or  glafs ; 
with  a neck  bent  on  one  fide,  which  may  be  in- 
ferted  into  the  neck  of  another  veffel  ufually  of 
glafs,  and  of  a round  form,  which  is  called  the 
receiver.  When  the  fubftance  to  be  diltilled  is 
heated  in  the  retort,  its  volatile  parts  pafs  over 
into  the  receiver,  where  they  are  condenfed : 
the  parts  which  remain  behind  in  the  retort,  are 
called  the  refidne , and,  as  oppofed  to  the  vola- 
tile parts,  are  called  fixed.  Retorts  are  gene- 
rally bedded  in  fand,  which  is  kept  heated  to 
any  degree  thought  proper,  fhort  of  what  is  fuf- 
licient  to  melt  the  retort.  This  bed  of  fand  is 
called  a fand  bath  : and,  befides  the  advantage 
juft  mentioned,  is  an  excellent  means  of  keeping 
the  heat  uniform. 

In  the  common  Still,  the  pot  ale  or  whatever 
fubftance  is  to  be  diftilled  is  put  into  the  body  of 
the  ftill  ; the  vapour,  being  driven  up  into  the 
head,  is  made  to  pafs  thence  through  a long  fpi- 
ral  tube  called  the  worm  ; and  being  here  con- 
denfed into  an  ardent  fpirit,  by  means  of  a veffel 
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of  cold  water,  through  which  the  worm  pafles, 
it  drops  into  another  veffel  placed  beyond  that 
which  contains  the  water. 

Redification  is  the  diddling  again  of  the  for- 
mer product.  Thus  the  fpirit  which  came  over, 
and  was  obtained  in  the  lad  experiment,  being 
again  diddled,  will  give  a resided  fpirit. 

If  the  volatile  parts,  wffien  collected,  be  dry 
indead  of  fluid,  the  procefs  of  diddling  is  called 
Sublimation.  It  is  fo  called,  becaufe  they  are  driven 
up  by  the  force  of  fire,  and  are  collected  at  the 
top  of  the  veffel  at  a didance  from  the  refidue. 
Such  are  the  flowers  of  brimdone.  Thefe 
folid  products  are  for  the  mod  part  called  Sub- 
limates. 

It  is  fometimes  convenient  to  expofe  mineral 
fubdances  to  the  fire  in  open  veffcls,  or  in  im- 
mediate contact  with  it,  for  the  purpofe  of  dif- 
fipating  their  mod  volatile  parts : thus  fulphur, 
which  is  often  found  in  metallic  ores,  is  driven 
off  by  a heat,  weaker  than  what  is  fufficient  to 
make  a change  in  other  matters  of  the  ores. 
This  procefs  is  called  Ronjling.  The  velfels  ufed 
by  Chemids  for  this  and  the  following  procefles 
are  called  Crucibles . 

Fufion  confids  in  heating  folid  bodies  either  in 
clofe  or  open  veffels,  till  they  become  fluid  : As 
lead  and  other  metals  are  made  to  melt. 

Calcination  by  fire  confids  in  expofing  bodies 
to  heat  in  open  veffels  fo  long,  that  no  farther 
change  can  be  produced  in  them  by  fire  : and 
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the  fubftance  which  remains,  and  is  incapable  of 
any  farther  change,  is  called  a Calx.  Thus 
copper,  iron,  and  mod  metals  are  by  a drong 
and  continued  heat  converted  into  dull  and  brit- 
tle fubftances  without  metallic  fplendour,  and 
which  fall  into  powders  of  different  colours. 
The  fame  effect  is  alfo  produced  in  other  ways 
as  well  as  by  fire ; as  by  the  action  of  acids 
upon  other  bodies.  Thus  iron  is  calcined  by 
acid  of  vitriol  ; for  if  an  Alkali  be  added  to  their 
folution,  the  iron  is  precipitated  in  the  form  of  a 
dark  powder  like  what  is  produced  by  the  action 
of  fire. 

The  temperature  of  any  body  is  its  power  of  ex- 
citing fenfations  of  heat  or  cold  ; and  the  great- 
er the  fenfation  of  heat,  the  higher  is  the  tem- 
perature faid  to  be.  Its  degree  is  meafurcd  by 
the  quantity  of  heat,  which  the  body  communi- 
cates or  gives  out  to  other  bodies,  as  will  appear 
more  fully  hereafter,  when  we  come  to  treat  of 
the  thermometer. 

Chemifts  have  divided  all  natural  bodies  into 
three  defcriptions,  called  kingdoms ; viz.  the 
Mineral , the  Vegetable , and  the  Animal. 

The  mineral  kingdom  comprehends  all  the  un- 
organized fubftances  which  compofe  the  mafs  of 
our  globe.  Thefe,  although  fubjeft  to  certain 
laws  of  motion,  have  in  themfelves  no  powers  of 
life  or  action. 

The  vegetable  kingdom  includes  thofe  bodies, 
which  confiding  of  organs,  and  veflels  fitted  to 
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fupply  juices,  to  receive  nourifliment,  and  to 
propagate  life,  have  feveral  functions  depending 
upon  their  ftru&ure,  as  growth,  digeftion,  &c.  &c. 

The  animal  kingdom  pofleffes  all  tlie  proper- 
ties now  mentioned  and  over  and  above  thefe, 
the  properties  of  moving  from  place  to  place, 
fenfation  perhaps,  and  fome  others  which  vege- 
tables feem  to  waQt, 
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CHAP.  II. 


Of  the  Subfiances  commonly  called  Elements  ; 
and  firfi , of  Fire. 


IT  was  an  opinion  entertained  by  fome  ancient 
philofophers,  that  Fire,  Air,  Water,  and  Earth, 
were  the  Elements  or  Principles  of  all  things ; 
whofe  combinations  and  modifications  produced 
the  different  kinds  of  natural  bodies.  This  opi- 
nion is  now  known  to  be  very  far  from  precife 
or  juft : fome  of  thefe  fubftances  being  difcovered 
to  be  themfelves  compounded,  and  capable  of 
being  refolved  into  different  component  parts ; 
while  other  fubftances,  not  ranked  among  them, 
have  never  yet  been  analyzed,  and  muft  therefore 
be  confidered  as  llmple  bodies.  But  thefe  Ele- 
ments, as  they  are  called,  being  fubftances  very 
familiar  to  our  fenfes,  and  meeting  our  daily  ob- 
fervation,  feem  to  be  proper  for  an  early  exami- 
nation in  a work  like  the  prefent ; efpecially  as 
by  the  caution  obferved  here,  there  is  no  danger 
that  they  will  be  looked  upon  as  chemical  prin- 
ciples in  a ftrift  and  philofophical  fenfe.  We  {hall 
therefore  firlt  examine  thefe,  and  afterwards  fuch 
fubftances,  as  cannot  be  reduced  into  any  of 
them. 
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Fire  is  fuppofed  to  be  a fluid  of  a very  fubtil, 
a&ive,  and  penetrating  nature,  whole  parts  are  in 
continual  motion.  But  this  fluid  never  has  been 
collected  in  fuch  a manner,  as  to  have  its  proper- 
ties rightly  examined.  In  a chemical  view,  the 
effeft  of  it,  with  which  we  are  mod  concerned, 
is  heat,  which  may  be  confidered  as  fire  in  a date 
of  equable  dift'uflon,  tending  to  equilibrium. 

Heat  penetrates  all  bodies,  but  cannot  be  fixed 
permanently  in  any  fubftance  : it  expands  almofl 
all  mineral  bodies,  but  contrails  thole  which  are 
organized.  Bodies,  which  are  more  heated  than 
others  with  which  they  are  brought  into  contact, 
will  communicate  their  heat,  till  the  temperature 
is  common.  The  difpolition  of  receiving  and 
tranfmitting  the  heat  fo  communicated,  is  however 
very  different  in  different  bodies,  as  may  be  eafily 
underflood  from  a glafs  rod,  one  end  of  which 
may  be  fafely  held  in  the  hand  for  fome  time, 
while  the  other  end  of  it  is  kept  red-hot ; whereas 
a rod  of  metal  would  not  admit  this.  The  metal 
is  therefore  faid  to  be  a better  condu&or  of  heat 
than  the  glafs,  as  it  gives  out  a greater  quantity. 
Solids  are  for  the  moft  part  changed  by  heat  into 
fluids,  and  fluids  into  vapours  or  different  kinds  of 
elaftic  airs.  Thus  lead  is  melted,  or  changed  into 
a fluid  flate,  and  water  is  converted  into  fleam. 

The  degrees  of  heat  commonly  employed  in 
Chemiftry  are  the  four  following,  ift.  The  heat 
of  boiling  water  ; 2d.  A fand  heat ; 3d.  A naked 
hot  fire  heat ; and  4th.  A folar  heat. 
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Water  and  other  fluids  heated  in  open  veflels, 
and  in  a certain  date  of  the  air,  cannot  acquire  a 
higher  temperature  than  that  fixed  one  of  the 
boiling  point.  However  long  the  procefs  of 
boiling  be  continued,  no  increafe  is  made,  unlefs 
there  be  fome  change  in  the  ftate  of  the  air.  If 
the  weight  of  this  be  increafed,  the  temperature 
of  the  boiling  point  will  alfo  be  increafed,  becaufe 
a ftronger  heat  will  be  necefiary  to  overcome  the 
preflfure  of  the  air,  and  convert  the  fluid  into 
vapour. 

It  is  a curious  find,  that  water,  contained  in  a 
veflfel  which  is  immerfed  in  boiling  water,  and 
held  there  for  any  length  of  time,  will  not  boil. 

The  heat  of  boiling  water  being  not  fufliciently 
drong  to  volatilize  feveral  bodies,  other  degrees 
of  heat  are  referred  to. 

The  next  in  order  is  a fand-heat.  Bodies  are 
didilled  by  immerfing  the  veflel  containing  them 
in  fand.  The  fand  is  generally  put  into  an  iron 
pot ; and  therefore  any  degree  of  heat,  little  fhort 
of  what  is  able  to  melt  the  iron,  can  be  commu- 
nicated to  the  body  by  means  of  the  fand-bath. 
Chemifls  employ  this  procefs,  alfo,  upon  many  oc- 
cafions  when  a fmall  heat  only  is  required,  on 
account  of  its  great  convenience,  and  becaufe  they 
are  able  to  regulate  the  required  heat  accurately  : 
fuch  heat  is  called  a digejiive  heat.  Should  the 
dronged  fand-heat  be  found  inadequate  to  their 
purpofe,  they  expofe  bodies  to  a naked-hot  fire 
heat,  either  by  ending  the  bodies  themfelves  into 
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a red-hot  fire,  or  by  placing  the  veffels  containing 
them  in  it,  and  keeping  them  furrounded  with 
burning  fuel.  It  is  by  the  latter  of  thefe  methods 
ores  of  metals  are  generally  allayed,  that  is,  their 
richnefs  in  metals  tried ; and  by  the  former  the 
metals  are  J melted , that  is,  melted  out  of  their 
ores. 

If  a ftill  greater  degree  of  heat  than  this  be 
required,  Chemifis  refort  to  the  folar  heat ; .which 
is  obtained  by  a large  lens,  or  burning  glafs. 
This  lens,  colle&ing  the  fun’s  rays  into  a fmall 
fpace,  called  its  focus,  affords  the  firongeft  heat 
known  in  the  world : it  is  faid  to  be  capable  of 
calcining  gold,  although  no  furnace  heat  has  been 
found  ftrong  enough  for  this  purpofe. 

The  infirument  proper  to  fhew  the  temperature 
of  different  bodies,  is  called  a Thermometer. 
The  Thermometer  confifts  of  a fmall  glafs  tube, 
with  a bulb  or  hollow  ball  blown  at  one  end  of 
it,  while  the  glafs  of  that  end  is  in  a melted  fiate. 
Quickfilver,  well  boiled,  fo  as  to  purge  it  of  all 
air  bubbles,  which  commonly  float  in  it,  is  then 
carefully  poured  in  to  a certain  height,  and  the 
air  being  generally  removed  out  of  every  part,  the 
tube  is  then  clofed  up  by  means  of  the  blow-pipe , 
which  is  a fmall  tube  ufed  to  dire<fi  the  flame  of  a 
candle  ftrongly  againft  the  parts  of  bodies,  and 
which,  in  the  prefent  infiance,  foon  melts  and 
clofes  the  glafs  at  the  open  end. 

The  manner  of  trying  the  temperature  of  a 
body  by  this  infirument,  is  to  place  the  body  in 

contact 
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contact  with  the  bulb ; the  quickfilver  will  then 
rife  or  fall  in  the  tube,  according  to  the  greater 
or  lefs  degree  of  temperature  in  the  body. 

The  degree  where  the  quickfilver  hands,  is 
Ihevvn  by  a fcale  placed  befide  the  tube,  which 
has  noted  upon  it  the  various  degrees  of  tem- 
perature, from  the  lowed;  below  the  freezing,  to 
the  higheft  above  the  boiling  point ; and  the  body 
is  faid  to  be  of  the  temperature  where  the  quick- 
filver hands. 

From  what  has  been  faid,  it  is  manifeh  that 
the  thermometer  Ihould  be  very  finall,  leh  it  may 
fenfibly  heat  or  cool  the  body  it  touches,  and  by 
this  means  alter  its  true  temperature. 

Quickfilver  is  chofen  for  thermometers  in  pre- 
ference to  every  other  fluid,  becaufe  it  does  not 
foil  the  tube ; becaufe  it  always  remains  fluid 
(except  in  climates  intenfely  cold) ; and  becaufe 
its  expanfions  and  contractions  are  more  uniform 
and  regular,  as  alfo  in  very  nearly  accurate  pro- 
portion to  the  degree  of  heat. 

The  chief  points  to  be  obferved  in  the  conhruc- 
tion  of  the  thermometer,  are:  that  the  tube  fliould 
be  as  equal  in  its  diameter  throughout  as  poflible  ; 
that  the  quickfilver  be  pure,  well  boiled,  and  free 
front  air-bubbles ; and  laitly,  that  the  fcale  be 
properly  adjuhed,  and  marked  in  degrees.  In 
doing  this  lah,  two  fixed  points  are  chofen — the 
freezing  point,  and  the  point  of  boiling  water. 
The  former  is  fettled  by  immerfing  the  ther- 
mometer in  melting  fnow  or  ice,  fo  deep,  that  the 
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quickfilver  in  the  tube  may  barely  be  vifible  above 
its  furface,  and  by  carefully  marking  the  place  at 
which  it  hands.  The  latter  is  found  out  by 
holding  the  thermometer  in  the  (team  of  boiling 
water,  and  at  the  fame  time,  conllantly  pouring 
boiling  water  upon  cloths  folded  round  a con- 
fiderable  part  of  it.  When  thefe  effential  points 
are  afcertained,  the  whole  fcale  is  marked  with 
equal  degrees,  the  magnitude  of  which  will  be 
different  in  different  thermometers,  according  to 
the  diilance  between  the  freezing  and  boiling 
points,  and  according  to  the  different  conftrinftion 
of  thermometers  in  adj lifting  the  fcale.  The 
former  of  thefe  is  plain  enough ; and  the  latter 
may  be  ftiewn  by  an  inftance  of  two  different 
kinds  of  thermometers,  Reaumur’s  and  Faren- 
heit’s.  In  Reaumur’s  fcale  the  number  of  de- 
grees between  the  freezing  and  boiling  point  is 
80  ; the  freezing  point  being  placed  at  o.  In 
Farenheit’s  the  number  of  degrees  between  them 
Is  180;  the  freezing  point  being  placed  at  32, 
and  the  boiling  point  at  212:  whence  it  is  evi- 
dent that,  if  the  diftance  between  thofe  points 
be  the  fame  in  both,  a degree  of  Reaumur’s  muff 
be  fo  much  greater  than  a degree  of  Farenheit’s, 
as  the  number  80  is  lefs  than  the  number  180, 
and  as  thefe  numbers  have  the  fame  proportion  as 
4 to  9,  it  follows  that  a degree  of  Reaumur’s  is 
fo  much  greater  than  a degree  of  Farenheit’s,  as 
9 is  greater  than  4 ; and  therefore  any  perfon 
who  is  acquainted  with  the  Golden  Rule  in 

Arithmetic, 
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Arithmetic,  can,  from  any  given  degree  on  Faren- 
heit’s,  find  the  correfpondent  degree  upon  Reau- 
mur^, and  contrarivvife,  in  reducing  Reaumur’s 
to  Farenheit’s. 

The  following  degrees  of  heat,  below  and 
above  that  of  boiling  water,  with  the  effects 
produced,  are  given  in  an  abridged  form,  from 
the  works  of  Mr.  Fourcroy. 


/ 

Degrees  of  Heat  below  boiling  Water. 

The  firfF  degree  extends  from  5 to  8 of  Reau- 
mur’s thermometer.  This  heat  favours  putre- 
faction, vegetation,  and  flow  evaporation.  The 
fecond  degree,  fixed  at  about  15,  raifes  the  vinous 
or  fpirituous  fermentation  in  the  fweet  liquids. 
The  third  degree  extends  from  25  to  30  : by  this 
the  acetous  fermentation,  or  that  which  produces 
vinegar,  is  effected,  and  the  juices  of  plants  are 
dried  up.  The  fourth  degree  diforganizes  animal 
fubftances,  volatilizes  their  effential  oils. 


Degrees  of  Heat  above  boiling  Water. 

The  firft  degree  reddens  glafs,  confumes  or- 
ganized bodies,  and  fufes  fulphur. 

The  fecond  fufes  foft  metals,  fuch  as  lead,  tin, 
bifmuth,  and  the  fufible  glaffes. 

The  third  fufes  metals  of  a moderate  hardnefs, 
as  gold,  filver,  zinc. 
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The  fourth  degree  bakes  porcelain,  fufes  the 
refrattory  metals,  as  copper,  iron,  cobalt,  kc. 

The  laft  and  higheft  of  all  is  the  heat  of  tlie 
burning  glafs,  which  calcines  and  reduces  to  glafs 
all  fubftances  capable  of  thefe  changes. 

It  has  long  been  a queftion  among  learned 
men,  whether  fire  be  owing  to  an  inflammable 
principle,  called  pblogijion , or  not.  Some  maintain 
the  exiftence  of  fuch  a principle  in  all  combuf- 
tible  bodies,  and  explain  their  combuftion  by  their 
parting  with  or  giving  out  this  principle  till  it  is 
confumed  ; after  which  the  body  can  be  no  longer 
burned,  unlefs  united  with  fome  other  body  on 
fire,  whofe  phlogifton  it  takes  up.  A great  va- 
riety of  experiments  have  been  made  to  prove 
this  do&rine ; yet  many  Chemifts  have  lately 
called  it  in  queftion,  and  endeavour  to  explain  the 
phenomena,  or  appearances  of  combuftion,  merely 
upon  the  prefence  of  the  air  which  they  charge 
the  former  Chemifts  with  having  overlooked. 

According  to  this  opinion,  combuftion  is  nothing 
more  than  the  combination  of  the  burning  body 
with  the  pure  or  vital  air  contained  in  the  atmol- 
phere,  which  it  continues  to  attract  till  it  can  take 
up  no  more,  after  which  it  ceafes  to  burn.  If  this 
burned  calx  meet  with  a combuftible  body  on  fire, 
the  latter  will  attraft  the  vital  air  of  the  former, 
and  in  its  turn  be  calcined,  while  the  other,  by 
the  lofs  of  vital  air,  is  revived,  and  becomes  again 
combuftible. 
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Thefe  Chemifts  further  argue,  that  the  mere 
lofs  of  phlogifton  cannot  be  the  caufe/>f  combuf- 
tion,  becaufe  the  calx  is  heavier  than  the  body  un- 
calcined, though  fpecifically  of  a lighter  quality ; 
whence  fomething  muff  have  been  gained  during 
combuftion.  And  this  objection  feems  fo  unan- 
fwerable,  that  a third  method  has  been  adopted, 
which,  as  it  were,  combines  the  principles  of  both 
the  foregoing.  By  this  do&rine  it  is  maintained, 
that  a body,  during  combuftion,  parts  with  its 
phlogifton,  and,  at  the  fame  time,  attra&s  vital 
air. 

The  nature  of  the  prefent  Work  will  not  per- 
mit us  to  enter  into  this  nice  dil'cuftion,  which 
has  been  mentioned  only  becaufe  thofe  different 
opinions  of  learned  men  fliould  be  known.  It 
will  be  fufHcient  to  obferve,  that  moft  of  the 
phenomena  have  been  explained  upon  each  of 
thefe  fuppofitions : but  the  Theory  now  adopted, 
as  the  moft  fimple,  is  that,  which  explains  the 
fa<fts  by  combination  with  vital  air.  A fimilar 
difference  of  opinion  was  entertained  upon  the 
caufe  of  acidity  which  takes  place  in  fome  bodies 
by  combuftion  ; as,  for  inftance,  fulphur,  which 
becomes  vitriolic  acid.  And  here  the  fame  theory 
prevails,  viz.  that  the  acid  is  a combination  of 
fulphur  with  vital  air  : whereas  in  the  firft  fyftem, 
the  acid  was  fuppofed  to  be  fulphur  deprived  of 
phlogifton. 


CHAP. 


CHAP.  III. 


Of  Air. 


Air  is  a tranfparant  invifible  elaftic  fluid  which 
(urrounds  and  covers  the  earth  for  feveral  miles 
above  its  furface.  It  is  called  the  atmofphere  and 
is  compofed  of  a great  variety  of  vapours  and  ex- 
halations which  it  raifes  from  the  different  bodies 
upon  the  furface  of  the  earth. 

Water  which  is  conftantly  evaporating  in  large 
quantities  muft  of  courfe  occupy  a very  confider- 
able  part  of  the  atmofphere : but  there  are  fcarce 
any  bodies,  mineral,  vegetable,  or  animal  which 
do  not  alfo  fupply  a great  portion  toward  its  com- 
pofition.  So  that  we  muft  be  careful  not  to  fup- 
pofe  it  a Ample  fubftance : perhaps  there  is  no 
other  in  nature  in  which  fo  many  diflimilar  ingre- 
dients are  combined. 

Among  all  thefe  component  parts  we  fliall 
confine  ourfelves  to  the  three  following,  vital  air, 
fixed  air,  and  inflammable  air. 

Vital  air  is  that  portion  of  the  atmofphere 
which  is  indipenfibly  neceflary  to  fupport  the 
refpiration  or  breathing  of  animals  and  the  burn- 
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ing  of  combuftible  bodies.  It  is  for  the  firfl  of 
thefe  reafons  foinetimes  called  eminently  refpirable 
air , and  for  the  fecond  empyreal  or  Jire  air . 

Dr.  Prieflly  gave  it  the  name  of  dephlogijlicated 
air , as  not  containing  phlogiflon,  a name  very 
proper  to  deferibe  it,  if  the  exigence  of  that 
principle  be  admitted ; for  certainly  there  is  no 
greater  oppofition  between  any  two  fubflances  in 
nature  than  between  vital  air  and  phlogiflon,  as 
may  be  eafily  colle&ed  from  the  few  obfervations 
at  the  clofe  of  the  lafl  chapter.  This  air  com- 
pofes  about  one  forth  part  of  our  atmofphere. 

That  vital  air  eminently  contributes  to  the  ref- 
piration  of  animals  appears  from  hence.  If  a fmall 
animal  be  inclofed  in  a veffel  containing  vital  air, 
he  will  live  much  longer  than  in  atmofpheric  air 
or  any  of  its  other  component  parts.  The  fame 
thing  appears  likewife  from  another  fa£l ; that  fuch 
perfons  as  happen  to  breath  this  air,  feel  their 
fpirits  become  more  gay  and  lively  ; and  that  vi- 
tal air  aflifls  the  combuflion  of  bodies  is  plain 
from  the  experiment  of  immerfmg  a lighted  taper 
in  a veffel  of  this  air,  or  from  burning  any  com- 
buflible  body  together  with  nitre  or  falt-petre 
which  abounds  in  vital  air : in  both  cafes  the 
flame  is  bright  and  luminous,  and  the  heat  in- 
creafed.  Vital  air  indeed  is  fo  neceffary  to  both 
purpofes  abovementioned,  that  when  it  is  abforbed 
either  in  the  procefs  of  combuflion  or  refpiration, 
the  remaining  part  of  the  air  is  unfit  for  both ; 
candles  are  extinguifhed  and  animals  die  in  it. 

A certain 


A cer&iin  quantity  of  atmofpheric  air  is  dimi- 
nilhed  in  bulk  about  one  fifth,  from  bodies  be- 
ing burned  in  it  by  charcoal : the  remaining  air 
is  called  pblogifiicated air,  mephitic gas,  &c. 

Various  fubftances  as  nitre,  red-lead,  alum, 
manganefe  and  others  alFord  vital  air  by  heat. 
Green  vegetable  matters  which  are  found  in 
water  emit  it  when  they  are  expofed  to  the  light 
of  the  fun,  and  the  leaves  of  plants  in  like  cir- 
cumftances  afford  it.  Whence  it  is  manifeft  that 
abundant  provifion  has  been  made  by  the  Deity 
for  reftoring  the  purity  of  the  air  which  is  con- 
tinually injured  by  combuftion,  refpiration,  fer- 
mentation and  other  procelfes.  Vegetables  which 
fupply  fuch  abundance  of  vital  air  as  we  have 
juft  obferved,  yet  do  not  flourifli  fo  well  in  this 
as  in  a more  impure  air.  And  thus  the  vegeta- 
ble and  animal  world  reciprocally  adminifter  to 
each  others  advantage ; animals  exhaling  thofe 
impurities  which  contribute  to  the  health  and 
growth  of  vegetables,  while  thefe  in  their  turn 
difpenfe  that  pure  vital  air  fo  indifpenfible  to  the 
health  and  life  of  animals. 

Fixed  air  is  another  kind,  widely  differing  in 
its  properties  from  the  former.  It  deftroys  ani- 
mal life,  extinguiflies  flame,  and  prevents  com- 
buftion. This  air  is  frequently  found  in  pits  and 
caverns  under  ground,  and  forms  what  is  called 
the  choak  damp  of  mines : hence  it  is  called  alfo 
mephitic  air.  It  is  heavier  than  atmofpheric  air 
in  the  proportion  of  about  3 to  2 : when  put  to- 
gether 
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gether  in  the  fame  veflel  it  therefore  links  to  the 
bottom,  the  common  air  floating  above.  The 
prefence  of  this  air  is  almofl:  univerfal  in  the 
animal  and  vegetable  kingdoms.  Fermenting 
liquors  dilengage  it  in  large  quantity,  and  mine- 
ral waters  fliew  its  exiftence  in  them  by  the  fpark- 
ling  which  they  exhibit  on  being  poured  out. 
Chalk,  limeftone,  and  other  calcareous  fub- 
itances  owe  near  one  half  their  weight  to  this 
air,  which  may  be  extricated  from  them  by  the 
application  of  heat,  or  by  acids.  Certain  falts, 
called  Alkaline,  abound  with  it  in  an  equal  de- 
gree. Water  attra&s  it  ftrongly,  and  abforbs 
more  than  its  own  bulk,  refembling  in  this  ftate 
fome  fpa  waters : the  colder  the  water  is,  and 
the  more  it  is  agitated,  the  more  air  will  it  imbibe. 

Fixed  air  is  by  fome  chemifls  fuppofed  to  con- 
fifl:  of  the  inflammable  matter  of  charcoal  combined 
with  vital  air  : for  if  this  fubftance  be  burned  to- 
gether with  vital  air  in  a clofe  veflel,  the  refult  is 
found  to  be  fixed  air.  Charcoal  is  a well  known 
fubftance,  procured  by  the  imperfect  combuflion 
of  vegetable  matters,  as  wood  : which  is  piled 
up  into  a heap  fmall  towards  the  top,  and  co- 
vered with  earth  or  clay  ; leaving  a few  air  holes, 
which  are  clofed  when  the  mafs  is  lighted.  From 
this  procefs  much  inflammable  matter  remains  be- 
hind, which  they  call  phlogifton,  carbon,  and  which 
is  of  the  fame  nature  with  the  diamond  ; as  will 
be  {hewn  hereafter.  In  the  new  theory,  the 
charcoal  is  faid  not  to  be  fully  faturated  with 
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vital  air,  and  therefore  a further  combination 
takes  place,  which  is  the  fame  as  combuftion. 

Of  late,  fixed  air  has  been  claffed  by  writers 
among  the  acids,  becaufe  it  is  found  to  poffefs 
their  chemical  properties  : and  it  is  fometimes 
called  aerial  acid  as  having  the  phyfical  proper- 
ties of  air : fometies  chalky  acid , from  its  being 
contained  in  large  quantities  in  chalk  : fometimes 
carbonic  acid,  from  its  being  the  refult  of  burning 
charcoal.  It  combines  with  various  fubftances, 
compofing  with  them  different  kinds  of  what  are 
called  neutral  falts ; fome  of  which  will  be  men- 
tioned in  other  places.  A folution  of  lime  in  wa- 
ter is  a tefl:  of  its  prefence : for  as  foon  as  fixed 
air  and  this  fluid  are  mixed,  a white  cloud  is  fe- 
parated,  owing  to  the  itrong  affinity  between  the 
Jime  and  the  air. 

Fixed  air  has  the  property  of  preferving  animal 
fubflances  from  putrefaction,  and  is  often  pre- 
ferred in  putrid  fevers.  It  is  alfo  fometimes 
refpired  along  with  common  air  for  diforders  in 
the  lungs. 

The  third  kind  of  air  which  remains  to  be  no- 
ticed is  called  inflammable  air ; becaufe  it  takes 
fire  with  the  fmallefl:  fpark,  provided  it  be  in 
contaCt  with  vital  air  : but  when  it  is  unmixed 
with  any  other,  or  is  in  contaCt  with  fixed  air, 
it  cannot  be  kindled.  This  air  poUdlcs  a very 
great  power  of  expanfion : by  which  pro- 
perty it  is  enabled  to  bring  every  particle 
of  itfelf  into  contaCt  with  vital  air,  fo  that  a 
Angle  fpark  runs  through  the  wffiole  in  a mo- 
ment, 
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ment,  and  an  explofion  follows.  Fatal  inftances 
of  this  kind  fometimes  occur  in  mines,  where 
this  air  is  often  found  collected  in  confiderable 
quantity,  and  where  the  ufe  of  candles  is  necef- 
fary.  There  is  one  part  of  the  Duke  of  Bridge- 
waters  works,  where  it  abounds.  On  one  ac- 
cafion  not  very  long  fince  it  was,  through  negleCt, 
fufFered  to  colleCt,  by  being  confined  during  the 
courfe  of  a night : in  that  flate  it  inftantly  took 
fire  at  the  approach  of  a candle,  and  did  great 
damage  by  its  explofion. 

Inflammable  air  is  extremely  light  fo  as  not  to 
weigh  a tenth  part  fo  heavy  as  common  air.  By 
means  of  this  property  it  has  been  employed  in 
the  conftruCtion  of  balloons : which  being  filled 
with  this  air,  not  only  can  eafily  afcend  in  atmof- 
pheric  air,  but  are  alfo  capable  of  carrying  up 
with  them  confiderable  weights.  The  air  em- 
ployed for  this  purpofe  is  for  the  molt  part  ob- 
tained, by  diffolving  filings  of  iron  or  zinc  in  vi- 
triolic acid  diluted  with  water,  thefe  and  other 
metallic  fubftances  affording  the  pureft  inflamma- 
ble air.  It  may  be  alfo  procured  from  all  vege- 
table and  animal  fubftances  by  diftillation,  and 
alfo  by  putrefaction.  Charcoal  yields  it  by  the 
former  procefs,  if  diftilled  in  conjunction  with 
wrater,  but  not  otherwife.  Stagnant  waters, 
whofe  bottoms  are  covered  with  putrid  vegetable 
matters,  fwampy  grounds,  cellars,  &c.  &c.  yield 
heavy  inflammable  air,  that  is,  this  air  mixed 
with  carbon. 
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If  in  a ftrong  clofe  veiTel  inflammable  and  vi- 
tal air  be  enclofed  together,  and  if  by  means  of 
a wire  running  through  the  veflel  the  ele&ric  fpark 
be  pafled  through  the  mixture,  the  airs  will  va- 
nifli,  if  they  be  pure,  and  water  will  be  produ- 
ced. This  important  experiment  was  firfl  made 
by  Mr.  Cavendifti,  and  afterwards  by  Mr.  La- 
voifler  and  others ; as  will  be  Ihewn  more  par- 
ticularly hereafter. 

Thunder  fliowers  may  from  this  receive  an  ex- 
planation. For  when  lightning,  which  has  been 
proved  by  Dr.  Franklin  to  be  elettric  fire  difen- 
gaged  by  the  collifion  of  clouds,  paffes  through 
the  air,  it  meets  with  thofe  two  component  parts 
of  it,  and  rain  generally,  fucceeds.  Another  and 
perhaps  ftill  more  adequate  explanation  of  this 
will  appear  in  next  chapter. 

The  method  of  combining  different  airs  or 
elaftic  fluids  is  one  of  the  mod  curious  parts  of  ex- 
perimental chemiftry,  for  the  knowledge  of  which 
we  are  chiefly  indebted  to  the  great  ingenuity  of 
Dr.  Prieftly  ; but  the  apparatus  being  rather  too 
nice  and  difficult  for  younger  ftudents,  a few 
general  remarks  will  enable  them  to  comprehend 
more  eafily  that  courfe  of  experiments  on  fome 
future  occafion. 

If  a glafs  vial  or  other  veflel  be  filled  with  wa- 
ter, and  be  inverted  into  another  veflel  of  wa- 
ter, the  mouth  being  flopped  before  inverfion, 
it  will  remain  full  although  the  Hopper  be  re- 
moved. 
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This  is  owing  to  the  prefliire  of  the  air  which 
is  able  to  fupport  a column  of  water  to  the  height 
of  33  feet  in  the  fame  manner  as  it  fupports 
quick-filver  in  the  barometer  at  the  height  of 
about  30  inches.  Now  if  any  fluid  refembling 
air  in  lightnefs  and  elafticity  be  fuffercd  to  enter 
this  vial,  it  will  by  its  lightnefs  rife  to  the  upper 
part  and  by  its  elafticity  force  the  water  down. 
By  continuing  the  procefs  all  the  water  may  be 
difplaced  and  the  whole  vial  be  occupied  by  the 
elaftic  air. 

Let  then  the  veflel  into  which  the  inverted 
vial  is  immerfed  be  a tub  with  a Ihelf  fixed  in  it, 
and  let  the  water  in  the  tub  rife  about  one  inch 
above  the  fhelf.  In  this  ftate  of  things  let  a 
glafs  tube  be  provided  bent  in  fuch  a manner  as 
to  pais  over  the  fide  of  the  tub  and  under  the 
water,  until  one  end  of  it  communicates  with  the 
mouth  of  the  vial  while  the  other  end  of  it  may 
be  applied  to  the  veflel  from  which  the  required 
air  is  to  be  extricated. 

For  inftance,  to  make  the  experiment  juft  now 
mentioned  of  palling  the  eleftric  fpark  through 
vital  and  inflammable  air.  Let  nitre  be  heated  in 
a clofe  veflel  into  which  one  end  of  the  bent  tube 
may  be  inferted,  while  the  other  end  is  at  the 
mouth  of  the  vial.  Vital  air  will  be  difengaged 
from  the  nitre  and  palling  through  the  tube  will 
occupy  the  upper  part  of  the  vial  after  having 
driven  the  water  down. 
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When  a fufficient  quantity  of  the  vital  air  is  ob- 
tained, fuppofe  half  the  vial  full,  then  let  the 
tube  be  inferted  into  another  clofe  veflel,  con- 
taining  the  filings  of  iron  and  diluted  acid  of  vi- 
triol. Thefe  fubftances  will  fet  free  inflammable 
air,  which  may  be  palled  through  the  tube  until 
the  whole  of  the  water  is  driven  from  the  vial. 

The  vial  is  thus  filled  with  the  two  airs,  and 
by  doling  its  mouth  and  well  flopping  it,  the 
vial  may  be  placed  upright  and  the  eledric  fpark 
palled  through  it  by  means  of  a metallic  wire  fixed 
in  the  upper  end  of  the  vial.  Should  the  requir- 
ed air  unite  with  water,  it  will  be  neceflary  to 
employ  quick-filver  or  fome  other  fluid  with 
which  it  will  not  unite,  for  the  purpofe  of  ob- 
taining it.  But  it  is  fometimes  found  convenient 
to  impregnate  water  with  fome  of  thofe  airs,  as 
for  inftance  fixed  air,  which  may  be  done  in  the 
following  manner  : 

An  apparatus  confifting  of  three  glafs  veflels 
placed  one  above  another,  is  provided.  The 
middle  veflel,  which  is  to  contain  the  water,  has 
two  necks,  one  of  which  is  clofely  inferted  into 
the  neck  of  the  lowefl,  and  has  a valve  fo  con- 
trived as  to  let  the  air  pafs  up,  yet  prevent  the 
water  from  flowing  down : into  the  other  neck 
is  fitted  the  neck  of  the  highefl  veflel  which  is 
a long  tube  reaching  near  half  way  into  the  mid- 
dle veflel,  and  at  the  top  of  the  highefl  is  an 
orifice  doled  by  a conical  glafs  flopper  which  can 
be  railed  by  any  refiflance  from  within.  The 
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middle  vellel  being  new  filled  with  water,  and 
pieces  of  chalk  with  fome  acid  being  introduced 
into  the  lowed:  veflel  through  a flop  cock,  the 
difengaged  air  rulhes  up  through  the  valves  to 
the  top  of  the  middle  veflel,  where  by  its  elaftic 
force  it  prefles  down  the  water  and  forces  it  up 
through  the  long  tube  into  the  upper  veflel,  dif- 
placing  the  common  air,  fome  of  which  efcapes 
through  the  flopper.  This  procefs  continues, 
till  the  water  in  the  middle  veflel  finks  as  low  as 
the  mouth  of  the  long  tube : in  which  ftate  of 
things  the  fixed  air  gets  freely  into  contact  with 
the  water  in  the  higheft  as  well  as  in  the  middle 
veflel,  and  of  courfe  impregnates  the  whole.  A 
flop  cock  in  the  middle  veflel  lets  it  off  as  con- 
venient. This  apparatus  is  by  Nooth. 

As  the  atmofphere  confifls  of  different  vapours, 
it  is  probable  that  the  lighted:  of  thefe,  fuch  as  in- 
flammable air,  form  ftrata  which  float  upon  com- 
mon air.  Mr.  Lavoifier  feems  to  have  thought 
this  to  be  the  cafe,  and  that  the  phenomena  of 
the  aurora  borealis  and  other  fiery  meteors  were 
owing  to  it.  But  even  fliould  this  not  be  ftri&Iy 
fo,  thefe  phenomena  may  be  explained  by  fup- 
pofing  a confiderable  accumulation  of  inflammable 
air  in  different  parts  of  the  atmofphere,  meeting 
with  ele&ric  fire,  which  often  abounds  in  thofe 
regions. 
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Water  is  a tranfparent  fluid  fubftance, 
which  covers  a great  portion  of  our  earth,  in 
feas,  rivers,  lakes,  &c. : it  is  befide  found  in 
almoft  all  the  bodies  in  nature.  Even  thofe  fub- 
ftances  which  feem  to  poflfefs  little  or  none  of  it, 
are  yet  found  to  contain  it  in  large  quantities. 
Vegetables,  efpecially  thofe  of  a lucculent  or  juicy 
kind,  abound  with  it.  A frelh  pumkin,  weighing 
200  ounces,  being  cut  into  flices  and  dried  in  the 
fun,  was  found  to  lofe  in  nine  days  190  ounces; 
and,  when  the  remaining  ten  were  burned  to  allies, 
they  did  not  yield  one  ounce  ; fo  that  almolt  the 
whole  of  this  fruit  conlifts  of  water  and  air.  Art 
has  not  been  able  to  combine  this  fluid  with  feve- 
ral  fubftances  with  which  Nature  has  united  it. 

Water  is  one  of  the  moft  univerfal  agents 
in  nature.  Befide  a great  multitude  of  other 
elfe&s  upon,  beneath,  and  above  the  furface 
of  the  earth,  it  ferves  to  give  rife  to  fprings  and 
fountains,  to  purify  the  air,  to  fertilize  the  earth, 
to  fuftain  all  vegetable  and  animal  life,  Sec.  Sec. 

It  is  likewife  under  different  forms  one  of  the 
moft  ufeful  inftruments  in  works  of  art,  efpecially 
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where  machinery  is  employed,  that  requires  very 
great  force  and  power. 

There  is  a queflion  among  learned  men,  as  to 
the  nature  of  water ; fome  holding  it  to  be  un- 
changeable, while  others  contend  that  it  may  be 
changed  into  other  fubftances,  particularly  into 
earth.  Without  entering  at  large  into  this  con- 
troverfy,  the  mention  of  a few  fa&s  will  be  fuffi- 
cient.  Boerhave  is  faid  to  have  diddled  water  five 
hundred  times,  yet  without  any  fenfible  alteration. 
On  the  other  hand,  Boyle  mentions  the  report 
of  an  ingenious  chemift  of  unfufpe£led  credit  to 
be,  that,  after  two  hundred  diilillations,  water 
afforded  three  parts  out  of  four  of  earth,  and  that 
in  each  fubfequent  diflillation  the  earth  was  af- 
forded more  copioufly  to  all  appearance. 

Lavoifier  weighed  the  glafs  veffel,  and  found  it 
lighter ; whence  he  concluded  that  the  earth  be- 
longed to  the  veffel.  On  the  other  hand,  the 
veffel  does  not  lofe  fo  much  as  the  weight  of  the 
earth  obtained,  and  this  earth  had  entirely  dif- 
ferent properties  from  thofe  of  glafs.  Margraaf 
is  of  opinion  that  water  is  tranfmutable  into  earth  ; 
but,  upon  the  whole,  this  matter  is  not  as  yet 
afeertained. 

Water  appears  in  three  different  ftates,  folid, 
fluid,  and  vapoury.  In  the  folid  flate  it  affumes 
the  forms  of  fnow,  hail,  and  ice.  Snow  and  hail 
are  produced  by  the  condenfation  of  water  diffufed 
through  the  different  regions  of  the  atmofphcre  in 
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different  dates  of  aggregation  : hail  in  the  lower 
regions,  by  the  condenfation  of  large  drops  of 
water  in  the  fluid  date ; fnow  in  the  higher,  by 
the  crydallization  of  very  minute  particles,  or  of 
vapour.  Hence  it  is,  that  hail  is  not  found  about 
the  polar  regions,  becaufe  water  does  not  exid 
there  in  the  liquid  date.  Snow  may  be  produced 
by  the  admidion  of  intenfely  cold  air  into  a warm 
apartment.  An  indance  is  recorded  of  a ball- 
room in  RufTia,  the  window  of  which  being 
opened,  the  humid  vapour  within  was  converted 
into  fnow,  and  fell  in  this  form  upon  all  prefent. 
Snow  and  hail  are  lefs  tranfparent  than  ice,  pro- 
bably from  a greater  proportion  of  air  mixing  in 
their  formation  and  compodtion,  which  rendering 
their  dendty  lefs  uniform,  fo  far  injures  their 
tranfparency.  And,  for  the  fame  reafon,  hail 
fometimes  approaches  to  ice  in  this  refpeft  more 
than  fnow.  Although  the  freezing  of  water  into 
ice  be  occadoned  by  cold,  yet  is  a fendble  heat 
fometimes  produced  in  the  aft  of  its  becoming 
folid  for  a thermometer  plunged  in  water  that 
is  freezing,  dands  at  the  freezing  point,  although 
another  in  the  open  air  may  at  the  fame  time  dand 
below  the  freezing  point. 

If  a piece  of  ice,  whofe  temperature  is  con- 
fiderably  below  that  of  the  freezing  point,  be 
taken  into  a warm  place,  its  temperature  will  en- 
creafe  till  it  reaches  the  freezing  point,  at  which 
it  will  remain  till  the  ice  becomes  duid,  when  it 
will  begin  again  to  rife.  During  the  whole  time 
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of  the  temperature  remaining  ftationary,  the  ice 
being  colder  than  the  furrounding  air,  muft  re- 
ceive an  acceflion  of  heat ; and  yet  no  fenfible 
^ncreafe  of  temperature  appears.  The  heat  fo 
received  is  therefore  called  latent  heat , and  is 
thought  to  be  employed  in  rendering  the  ice  con- 
vertible into  water  by  chemical  combination.  The 
degree  of  heat  neceflary  for  this  purpofe  alone  is 
found  capable  of  raifmg  the  temperature  of  water 
from  the  freezing  point,  viz.  3 2°  of  Farenheit  fo 
high  as  140'. 

The  converfe  of  what  has  been  juft  mentioned, 
takes  place  with  warm  water  expofed  to  cold  be- 
low the  freezing  point.  Its  temperature  at  firft 
falls  down  to  that  point ; where  it  remains 
ftationary  for  fome  time,  or  perhaps  rifes,  till  the 
water  becomes  ice,  when  it  begins  again  to  fall. 
Water,  which  is  expanded  by  heat,  contracts  its 
dimenfions  in  cooling,  till  the  temperature  falls  to 
about  eight  degrees  above  the  freezing  point ; at 
which  time  it  again  expands,  and,  when  in  the 
form  of  ice,  becomes  more  bulky  than  in  its  fluid 
ftate,  fo  as  to  burft  the  veflels  in  which  it  is 
formed.  This  may  be  owing  to  the  difengage- 
ment  of  air  or  heat,  or  to  a new  arrangement  of 
particles  by  cryftallization.  The  production  of 
ice  is  aflifted  by  air  and  gentle  motion. 

The  permanent  folidity  of  ice  in  very  cold 
countries  is  furprizing.  We  read  of  a large  houfc 
in  Ruflia,  built  and  furnifhed  with  ice,  and  beau- 
tifully illuminated  ; and  of  artillery  made  of  ice, 
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difcharging  balls  of  confiderable  weight  with 
effeCt. 

. Water,  in  its  ufual  Hate,  contains  much  earthy 
and  other  matters,  which  render  it  quite  unfit,  in 
this  date,  for  chemical  experiments.  It  ihould 
be  always  diftilled  for  fuch  purpofes  in  clofe  vef- 
fels,  and  thus,  with  a heat  below  21 2°,  the  pure 
water  comes  over  into  the  receiver,  while  the 
earth  remains  behind.  Diftilled  water,  however, 
is  not  fo  fit  for  drinking,  being  infipid,  and  caufing 
a fenfation  of  weight  in  the  ftomach.  Thefe  in- 
conveniences may  be  removed  by  agitating  it  in 
the  air,  which  gives  it  a more  briik  and  lively 
tafle,  and  renders  it  more  wholefome. 

If  water  be  heated  to  212°  of  Farenheit’s  ther- 
mometer, it  boils,  and  is  converted  into  fleam  ; in 
which  (late  it  is.  expanded  fo  as  to  occupy  1 400 
times  as  much  fpace  as  before.  Steam  is  wonder- 
fully elaflic,  and  produces  terrible  explofions  while 
it  is  confined.  By  means  of  this  great  elaflic 
force,  it  is  employed  in  mechanics  with  much  ad- 
vantage, in  putting  very  large  bodies  in  motion. 
The  machine  ufed  for  the  purpofe  is  hence  called 
the  Steam  Engine.  In  manufactories,  where  fur- 
naces are  kept  conflantly  boiling  for  one  part  of 
the  work,  a power  is  thus  obtained,  without  fur- 
ther expence,  to  work  the  machinery  which  may 
be  required  in  other  parts. 

The  elaflic  force  of  fleam  is  clearly  demon- 
flrated,  by  including  water  in  a ftrong  metallic 
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globe  or  veflel  called  the  Eolipile,  which  has  but 
one  very  fmall  opening.  When  the  water  boils, 
the  fleam  iffues  out  with  great  violence,  and  will 
a<h  upon  a fire  like  a bellows,  by  driving  the  air 
flrongly  before  it.  If  the  metal  veflel  be  quite 
clofed,  the  water  may  be  nearly  heated  red-hot, 
and,  upon  opening  the  veflel  in  any  part,  fleam 
fuddenly  rufhes  out,  the  temperature  of  it  imme- 
diately falling  to  2120. 

If  water  be  fufpe&ed  to  be  in  an  impure  flate 
from  being  combined  with  noxious  matters,  being 
too  long  confined  from  accefs  of  air  or  any  other 
caufes,  it  may  be  purified  in  the  following  ways : 
by  agitation  in  open  air,  which  ferves  to  give  it  a 
brifk  tafle,  and  favours  the  depofition  of  improper 
matters  : by  boiling,  which  difengages  the  noxious 
airs  with  which  it  may  be  loaded  : and  by  filtra- 
tion, or  draining  through  porous  flones,  or  other 
fubftances,  which  let  the  water  pafs  through, 
while  the  impure  and  foreign  matters  remain  be- 
hind. Water  is  fometimes  hard,  fo  as  not  to  dif- 
folve  foap : this  is  owing  to  its  containing  fome 
acid,  which  decompofes  the  foap.  It  may  be 
corre&ed  by  adding  fome  potafh,  which  feparates 
this  acid  from  the  earth  to  which  it  was  united. 
Filtering,  alfo,  is  in  fome  degree  a remedy;  for 
the  acid,  being  combined  with  the  earth,  will 
not  pafs  through. — With  the  fubje&s  of  this  and 
the  foregoing  chapter,  may  be  properly  connected 
a few  remarks  upon  the  fufpenfion  of  water  in 
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The  explanation  of  this  curious  and  interefting 
effect  has  been  attempted  in  different  ways ; but 
the  generally  received  opinion  now  is,  that  it  is 
owing  to  folution,  like  the  dillolving  of  falts  in 
water.  The  moll  certain  mark  of  folution  in 
water  or  other  clear  fluids,  we  know  is,  that  the 
tranfparency  of  the  folvent  flill  remains ; wdiereas 
if  there  be  no  folution,  but  merely  a fufpenfion  or 
mixture,  the  tranfparency  is  loft.  We  may  there- 
fore fairly  conclude,  that  the  water,  which  is  raifed 
into  the  air,  is  held  there  in  a flate  of  folution, 
for  otherwife  the  tranfparency  of  the  air  would 
not  remain. 

Salts  are,  for  the  moft  part,  more  quickly  dif- 
folved  in  hot  water  than  in  cold.  In  the  lame 
manner,  vrater  is  more  fpeedily  dilfolved  by  hot 
air  than  by  cold.  Milts  and  dews  are  more 
fpeedily  dried  up  in  the  fun  than  in  the  lhade. 

If  water  be  faturated  with  a fait  at  a certain 
temperature,  it  will  hold  that  fait  in  folution  fo 
long  as  that  temperature  is  not  diminilhed ; but, 
as  the  water  cools,  fome  of  the  fait  will  feparate, 
and  fall  to  the  bottom.  We  may  obferve  a limilar 
effect  in  the  cafe  of  water  and  air : while  the  air 
continues  hot,  the  folution  is  complete ; when  it 
cools,  the  water  falls  to  the  earth.  Thus,  in  the 
morning  at  fun-rife,  and  in  the  evening  at  fun- 
fetting,  the  air  being  cold,  mills  and  dew^s  are  ob- 
ferved  to  hang  over  the  ground,  which  the  fun 
diflipates  in  folution,  while  he  is  above  the  hori- 
zon, and  his  heat  flrong. 
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Mills  and  dews  are  generally  greatefl,  when  the 
difference  of  heat  in  the  day  and  night  time  is 
greatefl ; becaufe  in  this  cafe  more  water  will  be 
raifed  by  the  heat,  and  more  falls  by  reafon  of 
the  cold ; fo  that  both  caufes  concur  to  increafe 
the  quantity  of  the  dews.  In  cold  weather  the 
breath  of  animals  becomes  vifible,  becaufe  there 
is  not  fufficient  heat  to  diffolve  the  moiflure  which 
is  exhaled  from  the  lungs. 

Thefe  and  other  fa&s  feem  to  make  this  manner 
of  explaining  the  matter  highly  probable.  The 
fubjeft  is  moll  ably  and  fully  illuflrated  in  the 
Philofophical  Effays  of  the  Rev.  Dr.  Hamilton, 
Bifhop  of  Oflory. 

The  quantity  of  water  contained  in  the  air  is 
very  confiderable,  fo  that  were  all  that  is  diffolved 
in  it  precipitated,  there  would  probably  be  enough 
to  cover  the  earth’s  entire  furface,  not  only  to  the 
height  of  thirty-two  feet,  i.  e.  the  height  of  a co- 
lumn of  water  equiponderant  to  a column  of  the 
atmofphere  (as  fome  have  fuppofed),  but  to  an 
indefinite  height.  The  fuppolition  that  thirty-two 
feet  was  the  limited  height,  was  founded  on  the 
hypothefis,  that  the  preffure  of  the  air  was  inti- 
mately conne&ed  with  the  quantity  of  water  con- 
tained in  it : but  daily  obfervations  fliew  that  this 
opinion  is  unfounded.  During  a long  fummer’s 
drought  there  is  a continued  abforption  of  water 
into  the  air ; therefore,  on  this  hypothefis  the 
barometer  fhould  be  continually  riling ; but,  on 
the  contrary,  it  is  found  to  be  flationary  during 
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the  whole  time,  at  thirty  inches,  or  a little  more : 
and,  what  is  hill  more  extraordinary,  when  the 
drought  is  about  to  have  an  end,  while  the  air  yet 
contains  the  whole  quantity  of  water  it  had  ab- 
forbed,  and  has  not  parted  with  a fmgle  drop,  it 
becomes  fuddenly  lighter,  and  the  mercury  will 
(ink  perhaps  an  inch.  And  after  the  atmofphere 
has  been  difcharging  for  a number  of  days  a fluid 
800  times  heavier  than  itfelf,  inftead  of  being 
lightened  by  the  difcharge,  it  becomes  heavier, 
and  even  lpecifically  heavier  than  it  was  before. 

From  thefe  remarks,  and  from  the  large  quan- 
tities of  water  proved  to  exifl:  at  the  greatelf 
depths  below  the  furface,  it  is  evident,  that  the 
fyflem  of  nature  contained  ample  materials  for 
effecting  the  univerful  deluge.  And  if  (as  many 
have  with  great  probability  maintained)  the  at- 
mofphere owes  its  folvent  power,  or  a great  fliare 
of  it,  to  electricity,  a conjecture,  perhaps  not  un- 
reasonable, may  be  formed,  of  the  manner  in 
which  the  deluge  was  produced.  We  are  allured 
by  undeniable  obfervations,  that  electricity  is  able 
to  fwell  up  the  water  on  the  furface  of  the  earth; 
the  agitation  of  the  lea  in  earthquakes  is  a proof 
of  this ; for,  at  the  fame  time,  there  is  a difcharge 
of  a vaft  quantity  of  eleCtric  matter  into  the  air, 
and  as  foon  as  this  happens,  all  becomes  quiet  on 
the  furface  of  the  earth.  From  a multitude  of 
obfervations  it  appears  alfo,  that  there  is  at  all 
times  a paffage  of  eleCtric  matter  from  the  atmof- 
phere into  the  earth,  and  vice  verfa  from  the 
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earth  into  the  atmofphere.  There  is  no  abfurdity 
in  fuppofing  that  the  Deity  influenced  the  aCtion 
of  the  natural  powers,  in  fuch  a manner,  that, 
for  forty  days  and  nights,  the  electric  matter  con- 
tained in  the  atmofphere  flrould  defcend  into  the 
bowels  of  the  earth  ; the  confequence  would  be, 
<c  the  breaking  up  of  the  fountains  of  the  deep, 
<c  and  opening  the  windows  of  heaven.’ * The 
water  contained  in  the  atmofphere  being  left 
without  fupport,  would  defcend  in  impetuous 
rains,  while  the  waters  of  the  ocean,  thofe  from 
which  the  fountains  originate,  and  thofe  contained 
in  the  folid  earth  itfelf,  would  rife  from  the  very 
centre,  and  meet  the  waters  which  defcended 
from  above.  Thus  the  breaking  up  of  the  foun- 
tains of  the  deep,  and  the  opening  the  windows  of 
heaven,  would  accompany  each  other,  as  Mofes 
tells  us  they  actually  did  ; for,  according  to  him, 
both  happened  on  the  fame  day.  The  abatement 
of  the  waters  would  enfue  on  the  afcent  of  the 
eleCtric  fluid  to  where  it  was  before : the  atmof- 
phere would  then  abforb  the  water  as  formerly ; 
that  which  had  afcended  through  the  earth  would 
again  fubflde,  and  thus  every  thing  would  return 
to  its  former  date. 

It  has  been  faid,  that  the  fufpenfion  of  water  in 
air  is  either  altogether,  or  for  the  mod  part,  owing 
to  electricity.  It  is  certain  that  evaporation  is 
promoted  by  electrifying  the  fluid  to  be  evapo- 
rated. But  if  the  principle  be  even  partially 
admitted,  it  affords  another  folution  of  the  phe- 
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nomenon  of  a thunder-dorm,  different  from  that 
mentioned  in  the  lad  chapter,  though  indeed  both 
may  concur  in  producing  the  eft’e<ft.  When 
thunder  clouds,  loaded  with  water,  meet  each 
oth^r,  and  a difcharge  of  ele&ric  fire  enfues,  the 
air  fuddenly  lofes  much  of  the  power  by  which  it 
had  held  the  water  fufpended ; of  courfe  rain 
mud  fall  as  fuddenly,  and  in  great  abundance,  as 
we  know  it  does. 

The  air  not  only  raifes  and  diffolves  water,  but 
likewife  the  matters  perfpired  by  animals  and  ve- 
getables. If  thefe  and  other  exhalations  be  in 
great  abundance,  the  air  of  courfe  becomes  foul 
and  noxious.  In  fenny  countries,  or  places  over- 
flowed by  water,  where  flime  is  depofited,  con- 
fiding of  decayed  vegetables,  and  other  putrefcent 
bodies,  the  climate  is  generally  unhealthy,  efpe- 
cially  if  thefe  caufes  be  accompanied  by  a burning 
fun. 


CHAP. 


CHAP.  V. 


Of  Earth  : and  JirJl  of  Siliceous  and 
Argillaceous  Earths. 


15y  the  name  of  earth  is  generally  underftood 
every  hard,  dry,  infipid  fubftance  that  makes 
part  of  our  globe.  Of  thefe  fubftances  there  are 
many  different  kinds,  which  Chemifts  have  divid- 
ed into  a great  variety,  of  orders  and  claifes : 
but  we  (hall  confider  them  under  the  following 
heads  which  are  moft  neceflfary  to  be  known. 
Siliceous,  Argillaceous,  Calcareous,  which  may 
likewife  be  called  flint,  clay  and  lime. 

It  is  obvious  that  the  fubftances  here  mention- 
ed include  ftones  as  well  as  what  is  vulgarly  cal- 
led earth,  for  ftones  are  reckoned  by  Chemifts 
to  be  nothing  elfe  than  harder  maffes  of  earth. 

Siliceous,  which  is  alfo  called  vitrefcent  earth 
or  flint,  is  found  in  confiderable  quantity  in  thofe 
bodies  which  ftrike  fire  with  fteel.  Like  all 
other  fimple  earths  they  are  not  combuftible  nor 
fufible  unlefs  when  they  are  mixed  with  other 
fubftances,  in  which  cafe  they  are  melted  into 
glafs  or  give  a Jftronger  conliftency  to  thofe  fub- 
ftances. 
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hances.  Both  thefe  things  will  be  fhewn  in 
other  places. 

The  principal  kinds  of  this  earth  are  firh,  the 
rock  chryftal ; fecondly  vitreous  precious  hones, 
fuch  as  the  topaz,  the  hyacinth,  the  fapphire, 
emerald  ruby  and  amethyh ; all  thefe  precious 
hones  are  found  by  analyfis  to  contain  in  various 
proportions  the  three  kinds  of  earth  here  mention- 
ed together  with  a fmall  quantity  of  iron  and 
other  metallic  fubhances : thirdly  quartz  contain- 
ing under  it  hint,  agate,  jafper,  petrifa&ions, 
fpars,  free-hone  and  fand. 

Of  rock  chryhal  the  heat  of  common  furnaces 
alters  neither  the  tranfparency  nor  hardnefs,  fo 
that  this  hone  appears  moh  free  from  mixture. 
The  precious  hones  are  more  alterable  by  fire, 
and  quartz  with  its  feveral  kinds  is  reduced  by 
it  into  a white  opake  earth.  Free-hone  is  more 
opake  and  much  lefs  hard  than  agate  or  hint ; 
it  is  found  in  large  mahes  more  or  lefs  compaft 
and  of  a more  or  lefs  fine  grain. 

That  fpecies  of  filiceous  earth,  which  is  cal- 
led fand,  is  of  numberlefs  advantages  to  us,  let- 
ting the  water  pafs  between  its  grains  for  the 
fupply  of  wells  and  fountains,  and  affording  a more 
regular  and  conhant  fupply  of  equable  moihure. 
It  is  alfo  very  ufeful  in  preventing  other  earths 
from  becoming  too  hard,  by  feparating  thofe 
parts  which  are  apt  to  be  too  much  bound  to- 
gether, and  thus  enables  them  to  receive  thofe 
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nourifhing  juices  which  make  them  fruitful.  In 
works  of  art  it  ferves  to  ftrengthen  thofe  cements 
made  ufe  of  in  building ; is  indifpenfible  in  the 
beautiful  art  of  pottery  ; forms  a large  part  of 
the  manufacture  of  glafs,  and  ferves  many  other 
valuable  purpofes.  If  pure  filiceous  earth  be  re- 
quired, it  will  be  obtained  by  diffolving  it  in  an 
Alkali  or  ftrong  potafh,  which  will  thus  feparate 
it  from  its  impurities,  and  then  by  adding  an 
acid  to  the  folution  which  uniting  with  the  alkali 
will  precipitate^  the  filiceous  earth.  If  flint  be 
employed  here  the  folution  is  called  liquors  of 
flints. 

Argillaceous  earth  or  clay  is  a fat  flexible  fub- 
flance  that  adheres  to  the  tongue,  is  of  great  te- 
nacity when  wetted  with  water,  and  grows  hard 
and  contra&ed  by  the  fire.  Upon  this  principle 
Mr.  Wedgwood  made  a brick  of  known  dimen- 
fions  a thermometer.  If  this  earth  be  once  baked 

t 

it  is  impoflible  by  any  procefs  of  pulverizing  and 
kneading  with  water  to  make  it  ferve  the  fame 
ufe  again  : all  this  tenacity  is  lofl  beyond  reco- 
very, except  by  diflolving  it  in  an  acid  and  by 
precipitation. 

This  earth  makes  a very  confiderable  part  in 
all  fpecies  of  pottery,  and  as  it  is  found  of  differ- 
ent purity  in  different  places,  a great  difference 
will  of  courfe  be  found  in  wares  made  in  thofe 
places;  the  whiteft  clays  are  efteemed  the  pureft. 

Fine  pottery  is  manufa&ured  fomewhat  in  the 
following  manner.  Very  fine  tobacco  pipe  clay 
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is  waflied  and  beaten  a good  while  in  water,  by 
which  procefs  the  finer  parts  of  the  clay  remain  a 
good  while  fufpended,  and  the  groffer  impurities 
fall  to  the  bottom.  The  thick  fluid  is  further  pu- 
rified by  (training  it  through  hair  fieves  of  dif- 
ferent degrees  of  finenefs.  Powdered  flint  which 
has  been  properly  calcined  and  ground  is  alfo  pre- 
pared by  a fimilar  procefs,  fo  as  to  be  of  the  fame 
thicknefs  with  the  former.  The  thickened  li- 
quids are  then  to  be  well  mixed  in  various  pro- 
portions for  different  wares  and  are  left  to  fet. 
This  mixture  is  afterwards  dried  in  a kiln,  and 
being  beaten  into  a proper  temper  is  taken  to  the 
wheel,  which  is  placed  in  an  horizontal  or  flat 
pofition  and  the  pafle  being  laid  upon  it  while  the 
wheel  turns  brilkly  round,  is  formed  into  fliape 
by  the  hands  of  the  artifl. 

This  ware  gradually  dried  is  then  put  into  a 
furnace  and  placed  in  cafes  piled  over  each  other 
in  the  dome  : and  when  brought  to  a proper 
temper  for  receiving  the  glaze  which  is  in  about 
48  hours,  fait  is  thrown  into  the  furnace  and 
inflantly  converted  into  vapour ; which  vapour 
circulating  through  the  furnace  enters  the  cafes 
through  holes  in  their  fides  and  forms  upon  the 
furface  of  the  ware  a glaffy  coat  called  its  glaze  : 
this  is  probably  owing  to  the  combination  of  the 
alkali  of  the  fait  with  the  filiceous  earth. 

There  is  another  kind  of  glaze  which  is  more 
beautiful  than  the  former,  it  confiffs  of  a large 
portion  of  white  lead,  with  about  a fourth  part 
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of  ground  flint,  and  a fmall  portion  of  flint-glafs 
pounded,  and  mixed  together  and  fufed.  The 
ware  when  baked  is  dipped  into  this  liquid 
glaze,  and  fuddenly  taken  out,  when  the  glaze 
is  imbibed  and  the  ware  becomes  dry.  The 
ware  is  then  expofed  a fecond  time  to  the  fire, 
by  which  means  the  glaze  that  was  imbibed 
is  melted,  and  forms  a thin  glafly  coat  upon  its 
furface,  which  is  more  or  lefs  yellow  according  to 
the  quanitty  of  lead  ufed. 

Our  wares  are  not  inferior  to  the  porcelaine  of 
China  either  in  the  materials  of  their  compofition, 
or  in  the  art  of  manufacturing. 

The  materials  of  Ealtern  porcelaine  are  i ft.  A 
vitrefcent  fubftance  reduced  to  very  fine  powder 
called  petunfe  or  feltfpar.  2d.  An  unctuous  clay 
called  Kaolin.  3d.  A varnifh  compofed  of  the 
fineft  particles  of  a foapy  earth,  as  fteatite.  The 
Chinefe  petunfe  is  fufible  in  a ftrong  degree  of 
heat  without  being  mixed  with  other  fubftances : 
which  probably  gives  to  China  that  fine  tranfpar- 
ency  above  our  ware.  The  painting  on  porcelaine 
is  put  on  before  the  glazing:  the  colours  burnt  into 
the  ware  by  which  they  become  permanent  and 
lafting.  But  of  thefe  when  we  fpeak  of  enamelling. 
The  principal  kinds  of  argillaceous  earths  are  foft 
and  ductile  clays  which  are  thofe  moftly  ufed  in 
pottery  as  above  : dry,  friable,  or  crumbling  clays, 
fach  as  fuller’s  earth,  which  is  of  great  ufe  in  clean- 
ing woollen  cloth,  and  imbibing  the  oil  and  greafe 

employed 
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employed  in  working  it : Steatites,  Tale  and 
Afbeftus  or  Amianthus,  this  laft  kind  of  (lone  is 
formed  of  a fort  of  fibres  placed  parallel  at  the 
fide  of  one  another.  The  ancients  ufed  to  fpin 
them  and  made  a cloth  called  incombuftible  lin- 
nen,  in  which  they  burned  the  dead  and  were 
enabled  to  collet  the  allies  unmixed.  With  a 
very  ftrong  fire  however  Afbeftus  is  fufed  into 
glafs.  Marie  is  by  fome  reckoned  among  the 
argillaceous  earths,  and  by  others  among  the 
calcareous. 

It  is  difficult  to  afcertain  points  of  this  kind 
when  a fubftance  partakes  of  the  nature  of  two 
others.  It  is  the  fame  with  fpars  which  by  fome 
are  ranked  among  the  argillaceous  and  by  others 
among  the  filiceous  earths : but  fpar  is  a general 
name  applied  to  chryftallized  earth  of  whatever 
fpecies. 


CHAP. 


CHAP.  VI. 


Of  calcareous  end fome  compound  earths. 


Calcareous  earth  is  an  earth  which  con- 
tains a large  quantity  of  fixed  air  and  may  be  dis- 
covered by  pouring  a little  acid  on  the  earth  or 
done  to  be  tried  for  if  it  be  of  this  kind,  it  will 
froth  and  bubble  at  the  efcape  of  the  air. 

It  is  generally  found  in  chalk,  marble,  fpars, 
plafter-ftones,  bones  and  fhells : and  likewife  in 
Hones  of  a whitifli  grey  or  blueifii  colour.  When 
any  of  thefe  is  calcined  by  burning,  the  calx  is 
called  quicklime.  It  changes  the  fyrup  of  violets 
to  green,  and  has  a fliarp  corroding  tafte.  Dur- 
ing the  calcination  the  Hone  has  loft  near  half  its 
weight,  but  recovers  part  of  this  again  by  ex- 
pofure  to  the  air,  attracting  from  it  very  ftrongly 
both  fixed  air  and  water. 

Water  added  to  quick-lime  produces  confider- 
able  heat  attended  with  a crackling  uoife : the 
quick-lime  gradually  falls  and  when  faturated 
with  the  water  is  converted  into  flacked  lime.  In 
burning  lime  care  Ihould  be  taken  that  the  heat 
be  neither  too  weak  nor  too  violent : if  it  be  too 
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weak,  much  of  the  hone  will  remain  unburnt ; 
if  too  ftrong  the  lime  will  be  vitrified  or  convert- 
ed into  a kind  of  glafs. 

That  this  will  be  the  cafe  is  evident  from  the 
fcum  or  flag  of  an  iron  furnace  in  which  lime  has 
been  ufed  as  is  fliewn  hereafter.  It  is  alfo  ne- 
ctary for  pot-kilns  that  the  Hone  be  broken 
fmall,  that  the  heat  may  more  eafily  penetrate 
every  part,  and  calcine  the  whole  ; otherwife  the 
outward  furface  of  the  Hone  will  be  burned  while 
the  heart  is  untouched.  In  arched-kilns  however 
this  is  not  requifite,  for  in  them  large  mafles 
of  limeftone  are  completely  burned  without 
breaking. 

A mixture  of  calcareous  and  argillaceous  earths 
is  converted  to  glafs  by  a degree  of  heat  which 
will  not  vitrify  either  of  them  alone  as  appears  by 
the  following  experiment.  In  the  middle  of  a 
crucible  containing  equal  weights  of  powdered 
chalk  and  clay,  let  a lump  of  each  be  placed  fo 
as  to  be  feparate  from  each  other,  and  furround- 
ed  on  all  fides  by  the  mixture,  when  the  mix- 
ture is  quite  reduced  to  glafs ; upon  breaking  this 
both  folid  lumps  are  found  without  having  fuller- 
ed any  change.  And  hence  it  is  that  bricks  and 
tiles  which  often  contain  both  clay  and  calcareous 
earth  do  not  Hand  the  fire  without  being  fufed. 

The  encreafe  of  weight  in  quick-lime  expofed  to 
the  air  makes  it  important  at  what  time  it  is  pur- 
chafed  if  fold  by  weight,  and  alfo  at  what  time 
it  is  conveyed  from  one  place  to  another,  the 


5 o 


OF  CALCAREOUS 


delay  of  doing  this,  being  attended  with  a greater 
expenfe  of  labour.  It  is  worthy  of  notice  too 
that  lime  which  has  once  received  its  greatefl  in- 
creafe  does  not  afterwards  lofe  let  the  feafon  be 
what  it  may  ; and  therefore  whatever  matter  it 
has  attracted  from  the  air  is  of  a lafting  nature, 
not  lubjeft  to  evaporate  but  bellowing  upon  the 
foil  a very  confiderable  increafe  of  matter,  and 
this,  as  it  will  hereafter  appear,  of  the  moll  va- 
luable kind  for  fupporting  vegetation. 

Limeltone  calcined  by  lire  lofes  about  the  fame 
weight  as  if  calcined  by  acids  and  therefore  it 
maybe  prefumed  that  the  matter  loll  in  both  cafes 
is  the  fame. 

Now  experiments  Ihew  the  matter  loll  in  the 
calcination  by  acids  or  the  folution  in  acids  to 
be  an  air  agreeing  in  all  its  properties  with 
fixed  air,  anc^  this  calcined  earth  may  be  per- 
fectly reftored  to  its  firll  Hate,  by  pouring 
into  its  folution  another  folution  of  llrong 
alkali,  which  contains  fixed  air  ; a double  elec- 
tive attraction  then  takes  place,  for  the  acid 
unites  with  the  alkali  and  the  calcareous  earth 
with  the  fixed  air.  This  latter  fubllance  is  found 
to  be  of  of  the  fame  weight  and  nature  with  the 
crude  limellone.  And  in  the  fame  manner  if  to 
quick-lime  calcined  by  fire,  fiiould  be  rellored 
the  whole  fixed  air  it  had  loft,  the  refult  would 
be  a fubllance  agreeing  in  all  its  properties  with 
crude  limellone.  Hence  it  Ihould  appear  that 
the  burning  of  limellone  has  merely  the  efteeft  of 
reducing  it  to  powder  ; fo  far  at  leaft  as  depends 
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upon  its  conftituent  part  fixed  air,  provided  the 
lime  be  long  expofed  to  the  atmofphere.  Water 
difolves  about  one  feven-hundreth  part  of  its 
weight  of  lime,  this  folution  is  called  lime-water . 

If  lime  water  be  expofed  to  the  open  air,  a 
cruft  will  foon  be  formed  on  its  furface  called  cream 
of  lime  ; which  being  broken  falls  to  the  bottom 
and  a new  one  is  formed  until  at  length  the 
whole  lime  is  feparated.  This  cruft  is  chalk 
formed  by  lime  attracting  the  fixed  air  from  the 
atmofphere. 

If  lime  be  mixed  with  fand  it  forms  a hard  mat* 
ter  called  cement  of  mortar  which  ftrengthens  and 
confolidates  by  length  of  time.  In  making  this 
mixture  as  little  water  fliould  be  ufed  as  is  barely 
fufficient  to  fiake  the  lime  and  blend  them  both 
together.  This  is  thought  to  have  been  the  pro- 
cefs  of  the  ancients  whofe  cement  is  almoft  as 
hard  as  ftone.  Barytes  or  ponderous  earth,  and 
magnefia,  which  are  feldom  or  never  found  pure, 
but  mixed  with  fulphuric  acid,  refemble  calcare- 
ous earth  in  many  of  their  properties,  fo  as  by 
fome  chemifts  to  be  ranked  in  the  fame  clafs. 
We  Ihall  occafionally  take  notice  of  them  in  their 
combination  with  other  fubftances. 

To  this  account  of  thefe  fimple  earths  we  may 
here  fubjoin  a fliort  account  of  fome  compound 
earths  produced  by  the  aCtion  of  water  or  fire 
or  fome  other  natural  caufe  of  their  compo- 
fition. 

E Ochres 
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Ochres  are  thought  to  be  the  products  of  wa- 
ter. They-  are  more  difficult  to  be  diffufed 
through  water  than  clays,  they  are  friable  or 
crumbling  and  (lain  the  fingers  : and  are  colour- 
ed by  metallic  fubflances.  They  are  of  different 
colours  as  yellow,  red,  green  or  brown  and  are 
ufed  in  paints. 

The  azure  ftone  or  Lapis  Lazuli  is  a ffone  of 
a fine  deep  blue  mixed  with  yellow  veins  like 
gold  and  contains  iron  ; this  (lone  is  much  efteem- 
ed  for  its  ufe  in  preparing  the  paint  called  ultra- 
marine  which  is  the  mod  beautiful  blue  obtained 
by  painters. 

Granite  is  formed  of  quartz,  felt,  fparkling 
fpar  and  mica.  It  ftrikes  fire  with  ffeel  on  ac- 
count of  the  quartz  and  fpar.  It  breaks  in  an 
irregular  coarfe  grain  but  is  capable  of  receiving 
a polilfi.  Some  kinds  are  altered  by  the  air. 

Porphyry  is  a ffone  thick  fet  with  ffains  upon 
a red  or  fome  other  coloured  ground.  It  differs 
from  the  granite  in  its  greater  hardnefs  and 
finer  polifh.  This  ftone  is  fufible  and  gives  a 
coloured  glafs. 

Pumice  ftone  is  a combination  of  different 
fubflances  fufcd  by  the  fire  of  volcanoes  ; it  re- 
fembles  a fponge  in  texture  and  is  fo  light  as  to 
float  upon  the  furface  of  water.  This  ftone 
is  made  ufe  of  by  artifans  in  their  feveral 
trades. 

Puzzolane  earth,  fo  called  from  the  city  of 
Puzzoli,  where  it  was  aciently  ufed  is  an  earth 
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charged  with  iron  and  like  the  former  is  pro- 
duced by  the  a&ion  of  fubterraneous  fires.  This 
earth  is  very  ufeful  in  making  a kind  of  mortar 
which  hardens  in  the  air : and  alfo  in  the  con- 
firmation of  buildings  under  water  for  when  mix- 
ed with  quick-lime  it  hardens  there  into  a folid 
ftone. 

Lavas  are  fubfiances  fufed  and  partly  vitri- 
fied by  the  volcanoes.  They  are  thrown  out 
on  the  fides  of  mountains  like  burning  rivers, 
flowing  to  a great  diftance  and  deftroying  every 
thing  in  their  courfe  : they  take  feveral  years  to 
cool.  The  colour  of  lava  is  black  or  dark  grey 
for  the  mod  part.  Its  fubftance  confifts  of  about 
one  tenth  part  of  iron  ; one  fourth  or  more  of 
clay,  and  the  reft  flint,  and  is  capable  of  ftriking 
fire  with  fteel. 

Bafaltes  is  a ftrong  fubftance  of  a dark  ap- 
pearance, of  confiderable  weight  and  (hikes  fire 
with  fteel,  it  contains  iron.  Bafaltes  is  formed 
in  pillars  whofe  (hafts  are  compofed  of  parts 
mod  nicely  fitted  to  each  other  by  a concave 
furface  and  adapted  to  a convex  furface  in  the 
other.  There  are  great  promontories  found  that 
confift  of  ranges  of  thofe  pillars  difpofed  one 
above  the  other  from  the  bafe  which  is  laid  in  the 
fea  to  the  top  of  the  promontory. 

A remarkable  one  of  this  kind  is  the  Giant’s 
Caufeway  in  Ireland  on  the  coaft  of  Antrim. 

f 2 The 
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The  Bafaltes  is  by  fome  thought  to  be  the  ef- 
fect of  volcanoes,  this  opinion  is  fupported 
by  the  late  Dr.  William  Hamilton  in  an  in- 
genious eflay  upon  the  fubjeft,  but  feems  not- 
withftanding  to  require  further  proof. 


CHAP. 


CHAP.  VII. 


Of  the  Ufe  and  Application  of  the  different  Earths 
in  Agriculture. 


1 HE  feveral  fpecics  of  primitive  earths  con- 
flitute  the  bafis  and  mod;  obvious  inftrument  of 
vegetation,  but  are  not  fufficient  to  maintain  it 
when  they  are  taken  feparately ; nor  even  col- 
lectively, without  the  co-operation  of  other  prin- 
ciples, as  experiments  have  proved. 

Thefe  other  principles  are  water , w7hich  forms 
the  greatefl  part  of  the  fubflance  of  vegetables, 
and  an  original  fubflance  called  coal , or  char  coaly 
and  fometimes  the  carbonic  principle.  Thefe  two, 
together  with  fmall  portions  of  the  primitive 
earths,  and  flill  fmaller  of  various  falls  (which 
laffc  feem  to  be  rather  the  flimulants,  than  the 
materials  of  vegetation),  are  found  by  chemical 
analyfis  to  be  ultimately  the  conflituent  parts  of 
vegetables ; from  whence  it  feems  rightly  in- 
ferred, that  they  are  in  their  refpeClive  propor- 
tions the  food  of  plants. 

It  hence  appears,  that  the  different  earths  are 
necefTary  to  vegetation  in  the  firft  place,  as  con- 
ftituting  an  indifpenfable  though  fmali  part  of  the 

food 


56  APPLICATION  OF  EARTHS 

food  of  plants.  But  their  more  important  ufe 
confifts  in  being  receptacles  for  containing,  and 
inftruments  for  conveying  the  other  and  more 
copious  materials  of  vegetation.  Of  thefe  other 
materials,  coal  and  falts  are  contained  in  all  mixed 
earths  of  which  foils  generally  confift ; and  water 
is  retained  abundantly  by  clays  and  argillaceous 
loams ; moderately  by  calcareous  loams ; and  very 
fcantily  by  filiceous  or  fandy  foils.  But  it  is  not 
fufficient  for  fertility  that  thefe  principles  fliould 
be  fimply  conveyed  to  the  abforbent  velfels  of 
plants;  they  fliould  be  conveyed  in  their  juft 
proportion,  particularly  water , an  excefs  or 
defeft  of  which  is  of  principal  injury  to  vege- 
tation. 

Hence  it  feems  a prime  objeft  in  agriculture, 
to  give  fuch  a texture  to  the  foil  as  may  enable  it 
to  retain  a fufficient  quantity  of  water,  and  no 
more ; and  this  is  accomplilhed  by  a juft  combi- 
nation of  the  primitive  earths,  viz.  the  argillaceous , 
the  filiceous , and  the  calcareous  (under  which  laft 
magnefia  is  included). 

The  proportions  of  thefe  earths  requifite  to 
form  a fertile  foil,  are  not  every  where  the  fame, 
but  are  found  to  vary  with  the  climate  ; and  it  is 
naturally  to  be  expe&ed,  that  the  more  moift  the 
climate,  the  lets  ought  to  be  the  retentive  power 
of  the  compound  foil,  and,  of  confequence,  that 
the  filiceous  and  calcareous  ingredients  fliould 
predominate  more  there,  than  in  drier  climates, 
and  vice  verfa.  And  this  concluflon  is  amply 
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verified  by  the  analyfis  of  fertile  foils  in  different 
climates ; the  proportion  of  the  ingredients  being 
found  to  bear  this  reference  to  the  average  quan- 
tity of  rain,  as  far  as  experiments  have  been  made. 
For  the  adjuftment  of  this  proportion,  in  bringing 
a foil  to  proper  texture,  it  may  be  ufeful  to  know 
more  precifely  the  ratio  of  the  retentive  powers 
of  argillaceous,  calcareous,  and  filiceous  earths, 
which  are  refpe&ively  as  io,  2,  and  1 \ the  firfl 
being  juft  iaturated  with  2^  times  its  own  weight 
of  water,  the  fecond  with  and  the  third  with 
j;,  as  we  learn  from  the  experiments  of  Mr. 
Bergman. 

Though  a proper  texture  is  neceffary  for  the 
purpofe  of  fertilizing  a foil,  yet  it  is  not  of  itfelf, 
nor  even  with  the  addition  of  water,  adequate  to 
complete  that  effe& ; as  is  evinced  by  the  experi- 
ment of  Mr.  Giobert,  in  which  he  mixed  the  pure 
earths  in  feveral  compounds  of  various  propor- 
tions, and  though  he  added  water  to  each,  yet  no 
grain  would  grow  in  them ; but  when  in  the 
place  of  water  he  ufed  the  drainings  of  a dung- 
hill, the  grain  grew  profperoufiy,  the  caufe  of 
which  plainly  was,  becaufe  in  conjun&ion  with 
the  other  requifites,  the  carbonaceous  principle 
was  now  added  to  the  compound,  it  being  abun- 
dantly contained  in  the  drainings  of  the  dunghill, 
as  is  evident  from  this,  that  on  evaporating  that 
liquid  fubftance,  the  principal  part  of  the  refidue 
is  found  to  confift  of  coal.  This  experiment  then 
clearly  proves  the  neceffity  of  this  principle  to 
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vegetation ; and  hence  appears  the  caufe  why 
dung  is  an  ufeful  manure  to  all  kinds  of  land,  as 
containing  coal,  which  is  fo  important  a requifite 
for  the  growth  of  plants.  Mixed  foils  themfelves 
contain  coal : it  is  likewife  afforded  by  fixed  air, 
more  generally  perhaps  than  by  any  other  con- 
veyance, for  this  air  is  often  combined  w'ith  the 
earth  itlelf ; it  is  difengaged  into  the  atmofphere 
by  various  procdfes  of  nature  and  art,  and  foon 
precipitating  by  means  of  its  fuperior  weight,  is 
abforbed  by  the  foil.  All  fermentations  and  pu- 
trefactions within  the  ground  difcharge  it,  and  the 
frefh-turned  earth  attracts  it  in  abundance  from 
the  atmofphere. 

By  all  thefe  means  a large  fupply  of  the  car- 
bonaceous principle  is  provided  for  fertilizing  a 
foil  of  proper  texture ; for  that  fubftance,  when 
incorporated  with  water,  conffitutes,  as  has  been 
faid,  a principal  food  of  plants.  But,  by  conftant 
cropping,  both  the  earth  and  coal  that  enter  into 

\ 

the  compofition  of  vegetables  are  carried  off,  and 
the  foil  thus  left  deffitute  of  a fufficient  quantity 
of  thefe  materials,  not  only  becomes  deficient  in 
its  ffore  of  food  for  vegetables,  but,  by  the  change 
made  in  the  proportion  of  its  earths,  its  texture 
and  retentive  power  become  difadvantageoufly 
altered.  Then  it  becomes  neceffary  for  the  fupply 
of  the  carbonaceous  principle  to  add  dung,  which 
contains  it.  plentifully ; to  fallow  the  land,  by 
which  that  fubftance  is  attracted  in  fixed  air  from 
the  atmofphere,  and  produced  from  the  putre- 
faction 
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fa&ion  of  vegetable  rubbifh,  buried  by  this  opera- 
tion in  the  earth ; to  apply  calcareous  earth  in 
the  form  of  lime,  marie,  or  gypfum  (according  to 
the  difference  of  foils),  by  the  feptic  or  putrifying 
quality  of  which  a fimilar  putrefa&ion  produces  a 
like  fupply  of  coal,  while,  at  the  fame  time,  an 
earth  is  added,  which  is  ufeful  as  well  for  im- 
proving the  texture  of  the  foil,  as  for  fupply ing 
one  principle  of  the  food  of  plants.  The  fermen- 
tation excited  by  different  manures,  efpecially 
calcareous  ones,  has  alfo  a great  tendency  to  loofen 
and  mellow  the  foil,  when  they  are  judicioufly 
applied. 

The  texture  of  a foil  neceffary  to  fertility  in  any 
particular  climate,  and  the  proportion  of  the  earths 
neceffary  to  conftitute  it,  are  to  be  determined  by 
the  examination  and  analyfis  of  fuch  natural  foils, 
as  are  found  by  experience  to  be  mod  fertile  in 
that  climate.  To  thefe,  as  to  a model,  the  arti- 
ficial foils  are  to  be  conformed,  which  are  the  re- 
fult  of  compounding  manures  with  defective  land. 
And  this  imitation  will  be  rendered  more  perfeft, 
in  proportion  to  the  fkili  and  capital  employed  in 
the  undertaking,  and  the  effeff  probably  will  be 
proportionably  advantageous.  But  though  great 
precilion  may  be  attainable  by  fome  perfons  pecu- 
liarly qualified,  and  under  favourable  circum- 
ftances,  yet  it  cannot  be  hoped  for  in  general 
practice.  Yet  this  may  be  materially,  improved 
by  the  accommodation  of  juft  principles  to  par- 
ticular cafes,  even  where  fcientific  exa&nefs  is  not 
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attempted.  Thus,  where  clay  predominates  in 
the  foil,  limeftone-gravel,  or  marles  abounding  in 
calcareous  and  filiceous  earths,  or  artificial  marles 
compounded  of  gravelly  tills  and  lime,  or  fea-fand 
in  which  calcareous  fliells  are  mixed,  are  the  ap- 
propriate manures,  as  fupplying  the  deficient  ma- 
terials of  vegetation,  promoting  the  fermentation 
and  putrefcence  of  roots  and  weeds,  and  altering 
the  compofition  of  the  'foil  into  a due  texture. 
The  two  former  effe&s  are  Hill  further  produced, 
by  combining  dung  with  the  fubftances  applied. 

In  foils  where  fand  and  gravel  take  the  lead, 
marles  rich  in  calcareous  and  argillaceous  earths, 
or  artificial  marles  formed  by  the  mixture  of  lime 
with  clay  and  heavy  loams,  appear,  for  fimilar 
reafons,  the  molt  advantageous  manures,  and  are 
found  to  be  fo. 

Light  limeftone  and  chalky  lands  require  clay 
or  argillaceous  loam,  which  fupply  the  earths  de- 
ficient in  fuch  foils. 

Lime  alone , is  molt  advantageoufly  applied  to 
tilly  and  vitriolic,  and  peat  or  boggy  foils,  as  it 
corrects  the  vicious  acidities  with  which  they  are 
impregnated.  And  though  on  other  lands  lime  is 
molt  beneficial  when  applied  in  fuch  mixtures  as 
thofe  above-mentioned,  yet,  when  ufed  alone,  it 
is  likewife  highly  ferviceable  to  every  fpecies  of 
foil,  wet  clays  and  bare  lands  excepted.  In  the 
former  it  is  clotted  by  the  fuperabundant  moifture, 
and  rendered  incapable  of  a general  diflfufion 
through  the  foil,  on  which  its  effett  much  depends. 

This 
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This  excefs  of  water  likewife  greatly  diminifhes 
its  feptic  power,  one  of  its  principal  means  of  im- 
provement: On  the  contrary,  when  it  is  mixed 

with  bare  fand,  the  compound  has  not  a fufficiently 
retentive  power  ; it  is  apt  to  cake  hard,  like  mor- 
tar, and  the  argillaceous  ingredient  is  wanting. 
Where  the  marks  bed  adapted  to  aflift  defective 
foils,  or  the  compounds  made  in  imitation  of  them, 
cannot  be  procured,  fome  amendment  may  be  made 
by  the  application  of  fimple  earths.  For  example: 
Sand,  or  very  fandy  loams,  will  be  improved  by 
the  addition  of  clay  in  fome  degree,  though  not 
lb  much  as  by  argillaceous  marie.  Clays,  or  ar- 
gillaceous loams,  are  afiifted  by  incorporating  with 
them  rough  fand,  though  not  fo  much  as  by  the 
application  of  limeflone-gravel.  For  in  tliefe  and 
the  like  cafes  the  texture  is  ameliorated,  and 
though  not  all,  yet  many  of  the  deficiencies  of  the 
foil  are  fupplied. 


SECT. 


SECT.  II. 


OF  SALINE  SUBSTANCES. 


CHAP.  I. 


Of  the  different  kinds  of  Salts. 


Saline  fubftances  are  fuch  as  poflefs  tafte  and 
are  foluble  in  water.  This  is  the  moft  general 
defeription  given  of  them  : but  fome  Chemifts  add 
other  properties  fuch  as  a remarkable  tendency 
to  combine  with  other  fubftances  and  a want 
of  combuftibility.  None  of  tliefe  properties 
however  prevail  equally  in  all  falts ; fome  for  in- 
ftance  have  fo  ftrong  a tafle,  as  to  corrode  and 
dellroy  our  organs  whence  they  are  called 
cauftic.  Others,  without  having  fo  great  flrength 
have  yet  a very  fenfible  tafte  called  by  the 
names  of  bitternels,  aftringency,  &c. : And  laftly 
fome  falts  appear  infipid,  and  either  to  want 
tafte  altogether  or  to  poflefs  in  it  a very  flight 
degree.  The  fame  thing  may  be  faid  of  their 
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folubility  in  water,  which  in  fome  falts  is  fo  great 
that  they  inftantly  diftolve,  and  fome  cannot  be 
freed  from  the  laft  portions  of  water  but  by  the 
mod;  tedious  procefles.  Others  are  foluble  in  a 
moderate  degree,  and  others  fcarce  at  all.  And  fo 
of  the  remaining  properties. 

Some  learned  men  imagine,  that  the  caufticily 
of  certain  faline  fubftances  is  nothing  more  than 
their  ftrong  tendency  to  combine  with  our  organs. 
And  they  maintain  their  opinion  by  thefe  fa<fts : 
1 ft.  Thofe  fubftances  which  have  the  ftrongeft 
tafte  have  the  greateft  tendency  to  combination  : 
2d.  Thofe  which  have  not  this  laft  quality  have  but 
a weak  tafte  : 3d.  A cauftic  body  whofe  tendency 
to  combination  is  fatisfied,  at  the  fame  time  lofes  its 
tafte:  4.  A cauftic  body  which  exerts  all  its  force 
upon  our  organs  deftroys  them,  and  accordingly 
lofes  its  caufticity. 

Salts  are  divided  into  three  kinds,  Acid,  Alkali, 
and  Neutral. 

Acids,  befides  their  fharp  tafte,  poftefs  with  few 
exceptions  the  property  of  changing  the  blue  co- 
lour of  vegetables  fuch  as  fyrup  of  violets  into  a 
red,  and  this  is  reckoned  a diftinguifhing  charac- 
ter of  acids. 

We  have  already  obferved  the  divifion  of  earth- 
ly fubftances  into  three  kingdoms,  the  mineral, 
vegetable  and  animal.  Agreeably  to  this  divi- 
fion, acids  are  diftinguillied  according  to  the  na- 
ture of  the  fubjett  from  which  they  are  produced. 

Among 
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Among  the  mineral  acids  the  mofl  remarkable 
are  the  Vitriolic,  the  Nitrous  and  the  Marine, 
which  are  feparated  in  large  quantities  by  diflil- 
lation  from  vitriol,  nitre,  and  fea-falt  ; vitriolic 
is  alfo  had  from  burning  fulphur.  Vegetable 
acids  are  either  native  fuch  as  exift  in  four  fruits 
and  plants ; or  factitious,  fuch  as  vinegar  and 
tartar,  which  are  produced  by  fermentation. 

Animal  acids  are  fuch,  as  may  be  feparated 
from  various  parts  of  animals  by  diflillation : or 
they  are  fuch  as  bees,  ants,  and  other  infe&s  con- 
tain in  proper  veffels  ready  prepared,  and  which 
they  throw  out  in  flinging. 

Alkalies  are  falts,  which  are  generally  obtained 
from  the  allies  of  marine  plants,  or  other  vege- 
tables, or  from  the  allies  of  certain  animal  fub- 
flances  fuch  as  bones,  dung  &c.  The  firfl  of 
thefe  is  called  mineral  alkali,  the  fecond,  vege- 
table alkali  and  the  third  volatile  alkali. 

Of  thefe  alkalies  the  two  former  are  called  fix- 
ed, for  they  are  not  diffipated  by  a,ny  heat  fhort 
of  a naked  fire  heat.  The  third  being  much  more 
eafily  diffipated  is  called  volatile. 

Alkalies  change  the  blue  colour  of  vegetables 
fuch  as  fyrup  of  violets  into  a green,  and  this  is 
reckoned  a diftinguifhing  chara&er  of  thefe  falts. 

Neutral  falts  are  a combination  of  acids  and 
alkalies ; we  will  treat  of  Alkalies  firfl. 


CHAP. 


CHAP.  II. 


Of  Alkalies  : viz.  the  Mineral , Vegetable , and 
Volatile  Alkalies . 


The  name  Alkali  is  derived  from  the  word 
Kali,  a maritime  plant  which  is  called  by  us 
GlalTwort  or  Marfh  Samphire.  This  plant  being 
burned,  its  allies  are  boiled  and  walhed  into  a Ley; 
which  is  filtered  and  evaporated  and  thus  the  fait 
called  Alkali  is  obtained.  This  fait  has  been 
alfo  called  fait  of foda , becaufe  it  is  mod  frequently 
extracted  from  a plant  of  that  name.  It  is  like- 
wife  obtained  from  other  maritime  plants,  as 
Barilla,  Algazul,  Salicornia  and  alfo  from  fea- 
wrack  in  the  following  manner.  The  plants  are 
cut  from  the  rocks  or  gathered  on  the  beach, 
and  being  fufficiently  dried  by  the  fummer’s  fun, 
they  are  fet  on  fire  in  a hole  made  in  the  ground  : 
the  melted  mafs  is  kept  in  a date  of  fufion  for 
fome  hours,  and  then  differed  to  cool : It  is  cal- 
led Kelp,  and  is  employed  in  the  manufacture  of 
foap  and  glafs.  The  Alkaline  fait  contained  in 
the  adies  of  maritime  plants  when  expofed  to  the 
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heat  of  a glafs-houfe  furnace  lofes  much  of  its 
weight,  but  in  moderate  fires  lofes  nothing 
hence  this  fait,  as  we  obferved,  is  called  a fixed 
Alkali : and  being  found  to  compofe  half  the 
weight  of  common  fait,  which  is  reckoned  a mi- 
neral from  being  often  found  in  large  mines,  this 
alkali  has  been  called  mineral, fojfile,  or  marine  fix- 
ed alkali. 

The  faline  matter  found  upon  old  damp  walls 
is  this  mineral  alkali  combined  with  fixed  air  and 
water.  The  allies  of  moll:  other  vegetables  as 
well  as  of  maritime  plants  yield  a fait  which  has 
many  and  the  moll:  important  properties  in  com- 
mon with  the  mineral  alkali,  but  not  polfelfing 
all  the  fame  properties,  has  for  diltinCtion’s  fake 
been  called  the  vegetable  fixed  alkali : this  is  obtain- 
ed by  the  fame  procefs  as  the  mineral  alkali,  and 
is  ufed  to  the  fame  valuable  purpofes.  It  is  fome- 
times  called  potajh  from  the  evaporation  by  which 
it  is  obtained  being  made  in  large  iron  or  copper 
pots.  The  pureft  kind  is  that  which  is  made 
from  tartar,  a vegetable  production  which  forms 
upon  the  fideS  of  calks  containing  new  wine : 
This  is  wrapped  in  wet  paper,  and  burned  in  a 
furnace  with  charcoal  moderately  heated  ; and  the 
pure  fait,  obtained  by  walhing  the  alhes  and 
evaporation  is  called  fait  of  tartar.  Fixed  Al- 
kali when  pure  is  dry  and  white ; to  obtain  it 
in  this  Hate  the  evaporation  of  the  Ley  ought  to 
be  made  in  clofe  velfels,  or  the  fait  to  be  calcined 
and  dried  with  a gentle  heat.  Vegetable  Alkali 
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if  expofed  to  the  air  in  a moift  place,  will  almoft 
all  be  melted  into  a thick  tranfparent  liquid, 
which  weighs  four  times  as  much  as  the  fait  when 
dry  ; Mineral  alkali  if  expofed  in  the  fame  way 
will  not  be  changed  into  fuch  a fluid ; whence 
it  appears  that  its  attraction  to  water  is  not  fo 
ftrong  as  that  of  vegetable  alkali ; neither  does 
it  attract  the  acids  with  fo  much  force,  as  is  de- 
monftrated  from  the  vegetable  alkali  decompo- 
fing  neutral  falts  of  which  the  mineral  alkali  makes 
a part.  It  may  be  owing  to  this  that  thefe  two 
alkalies  form  very  different  compounds  when  in 
combination  with  thofe  fubffances.  Such  are  the 
mod  remarkable  differences  obferved  between  the 
fixed  alkalies.  They  agree  in  the  following  ref- 
pe<ffs.  They  are  both  cauffic,  they  change  the 
blue  colour  of  vegetables  to  a green  ; they  have 
both  a tendency  to  combine  with  feveral  other 
fubffances,  as  water,  inflammable  fubffances, 
and  above  all  acids ; they  melt  in  a moderate 
heat  and  in  a ffronger  become  volatile ; they  dif- 
folve  earth  and  the  calces  of  metals  in  the  dry 
wray. 

Alkalies,  which  contain  fixed  air,  are  called 
mild  alkalies  ; when  deprived  of  their  fixed  air 
by  boiling  them  in  water  with  lime  (for  the  lime 
attracts  the  fixed  air  and  becomes  chalk)  they  arc 
then  cauffic. 

A folution  of  this  kind  combined  with  about 
fix  times  its  weight  of  oil  forms  foap.  The  fo- 
lution is  drawn  oft'  three  times  t called  the  firft, 
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fecond,  and  third  Ley.  With  this  lad  Ley  the 
oil  is  firfl  put  into  the  boiler,  and  the  mixture 
kept  conflantly  agitated.  When  this  Ley  has 
been  all  put  in  by  degrees,  the  fecond  is  added 
in  the  fame  manner ; and  then  the  firfl; . The 
foap  now  begins  to  form,  and  fome  common  fait 
is  thrown  in  which  compleats  the  formation, 
by  feparating  the  water  from  the  foap,  to  which 
the  water  has  lefs  affinity  than  to  the  fait.  The 
foap  is  well  made,  if  it  appears  firm  and  white, 
and  if  it  completely  mixes  with  water,  fo  as  that 
no  greafe  fhould  be  feen  on  the  furface.  Frauds 
are  fometimes  committed  in  this  manufacture,  by 
mixing  ingredients  which  encreafe  the  weight 
without  adding  to  the  value : for  this  purpofe 
water  is  chiefly  ufed,  efpecially  in  foap  made  with 
tallow  : but  as  it  evaporates  in  open  air  and  fo 
lofes  weight,  the  foap  is  ufually  kept  in  ftrong 
folutions  of  common  fait,  by  which  means  the 
weight  of  it  is  rather  encreafed.  Two  pieces  of 
foap  made  in  this  fraudulent  manner  were  put, 
one  in  a dry  place  expofed  to  air,  the  other  in  a 
folution  of  fait : At  the  end  of  a month  the 

former  had  loft  half  its  weight,  the  latter  had 
gained  one  tenth.  Mineral  Alkali  makes  bard 

O 

foap , vegetable  alkali  a foft  foap  of  the  confid- 
ence of  honey. 

Fixed  Alkali  is  equally  ufeful  in  the  compo- 
fition  of  glafs : which  is  made  by  mixing  in  pro- 
per proportions  with  alkali  the  different  lpecies 
of  filiceous  earth  according  to  the  quality  of  the 
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glafs,  from  the  fineft  to  the  coarfeft  flinty  land : 
thefe  are  heated  together  till  they  are  fufed  in  a 
furnace.  The  melted  matter  is  taken  out  at  the 
end  of  a long  hollow  tube  which  is  dipped  feveral 
times  into  it  and  turned  about,  until  a fufficient 
quantity  is  taken  up ; the  workman  at  each  turn 
rolling  it  gently  upon  a piece  of  plate-iron,  to 
bind  the  melted  mafs  more  firmly.  He  then 
blows  through  the  tube,  till  the  metal  fwells 
at  the  end  like  a bladder,  after  which  he  rolls  it 
on  a marble  flone  to  polifli  it,  and  repeats  the 
blowing,  until  the  glafs  is  brought  as  near  the 
fize  and  form  of  the  veflel  required  as  he  thinks 
necelfary.  If  it  be  a common  bottle,  the  melted 
matter  at  the  end  of  the  tube  is  put  into  a hol- 
low fliape  equal  to  its  body,  and  the  neck  is 
formed  on  [the  outfide  by  drawing  out  the  du&ile 
glafs.  If  it  be  a veflel  with  a large  mouth,  the 
glafs  in  its  foft  date  is  opened,  and  widened  with 
an  iron  inftrument  for  this  purpofe  ; after  which 
being  again  heated,  it  is  whirled  about  with  a 
circular  motion,  and  by  means  of  a centrifugal 
force  thus  produced  is  extended  to  the  fize  re- 
quired. Should  a handle,  foot,  or  any  thing 
elfe  of  the  kind  be  required,  thefe  are  made  fe- 
parately  and  ftuck  on  in  a melting  flare.  A fnni- 
lar  procefs  is  ufed  for  making  window  glafs  ex- 
cept that  the  mafs  at  the  end  of  the  tube  is  form- 
ed into  a cylindrical  fliape,  which  being  cut  in 
length  by  fcizzars  or  {hears  is  gradually  bent  back 
until  it  becomes  a flat  plate. 
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Large  plate  glafs  for  mirrors  is  made  by  run- 
ning glafs  compofed  of  the  fineft  materials  in  a flate 
of  perfect  fufion  upon  a calling  table,  with  iron 
ledges  to  confine  the  melted  matter,  and,  as  it 
cools,  rolling  over  it  a brafs  roller  to  reduce  it 
to  an  uniform  thicknefs.  The  plate  of  glafs  is  at 
firft  near  an  inch  thick : its  afperities  are  after- 
wards ground  away  with  fand  and  emery,  after 
which  it  is  polilhed.  Plates  of  ten  feet  in  length, 
and  fix  in  breadth  have  been  made  in  this  man- 
ner. 

When  glafs  is  completely  formed,  it  mull  be 
annealed ; that  is,  placed  in  an  oven  heated  to  a 
certain  degree,  in  order  to  cool  llowly  ; becaufe 
a fudden  tranfition  from  heat  to  cold  is  very  apt 
to  crack  the  glafs,  probably  by  the  force  of  the 
heat  endeavouring  to  rehore  an  equilibrium,  and 
meeting  with  relillance  from  the  parts  of  the  glafs 
becoming  folid. 

The  points  to  be  moll  attended  to  in  making 
the  finer  kinds  of  glafs  are,  the  purity  of  the 
materials,  the  proportion  of  them  to  each  other, 
and  the  management  of  the  lire.  Pearl  allies 
well  purified,  with  twice  or  three  times  its  weight 
of  fine  clean  flint  fand,  adding  feme  common  fait, 
a little  nitre,  arfenic  and  borax  to  aflill  the  fufion 
as.  fluxes,  are  found  for  the  conllrudlion  of  large 
mirror  glafs  to  fucceed  well,  'l  oo  great  a quan- 
tity of  alkali  will  give  the  glafs  a difpofition  to 
alter  by  the  action  of  acids.  In  conducing  the 
heat,  the  greatell  regularity  Ihould  be  obferved  ; 
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for  by  being  fuddenly  raifed,  air  bubbles  are  apt 
to  efcape ; and  if  during  this  the  melted  glafs 
fhould  happen  to  be  taken  up,  it  will  abound 
with  cavities  which  injure  its  tranfparency,  and 
fometimes  expofe  it  to  be  broken.  Specks  or 
colours  in  the  glafs  are  owing  to  foreign  matters, 
which  cannot  be  vitrified.  And  there  is  one  de- 
feat, for  which  no  compleat  remedy  has  yet  been 
found,  arifing  from  the  lower  parts  of  the  fufed 
glafs  being  denfer  than  the  higher,  which  pro- 
duces a fort  of  greenifh  lump  that  defaces  the 
uniform  beauty  of  the  glafs.  To  prevent  the 
fwelling  of  the  materials  upon  their  firft  combina- 
tion, they  ought  to  be  expofed  to  a gentle  heat : 
by  which  means  mod  of  the  volatile  matters  are 
driven  off,  and  the  ingredients  more  intimately 
blended. 

The  Calces  of  different  metals  being  fufed  along 
with  glafs,  produce  that  beautiful  compofition 
called  Enamel ; which  is  varioufly  coloured  ac- 
cording to  the  metal  employed.  jRofe,  red,  and 
purple  colours  are  prepared  from  gold,  green 
from  copper,  blue  from  cobalt,  white  from  tin 
&c.  &c.  And  even  the  fame  metallic  calx  will 
give  different  colours  according  to  different  de- 
grees of  heat : thus  the  green  of  common  glafs 
bottles  is  changed  to  blue. 

The  finefl  of  thefe  colours  are  employed  in 
painting  porcelain,  glafs,  or  other  enamels. 

i 

The  colours  are  laid  on  with  a pencil ; and,  being 
burned  in,  laft  as  long  as  the  fubftances  on 

which 
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which  they  are  laid.  It  is  called  enamel  painting. 
Sometimes  the  compofition  of  glafs  with  the  me- 
tallic calces  is  made  to  emulate  the  precious  Hones 
of  different  colours,  Amethytts,  Rubies,  Topaz 
&c.  And  fometimes  it  is  employed  to  enamel  me- 
tals, efpceially  gold,  by  fpreading  the  compott- 
tion  in  a liquid  ftate  upon  its  furface,  to  which 
it  adheres  for  a long  time. 

The  du&ility  of  glafs  is  very  curious  and  fur- 
prifing.  If  a thread  of  melting  glafs  be  drawn 
out,  and  fattened  to  a reel  ; the  whole  of  the 
glafs  can  be  fpun  off  on  the  reel,  and  by  cutting 
the  threads  there  is  obtained  a fort  of  filver  feather, 
which  is  fometimes  ufed  as  an  ornament  to  the 
head. 

Before  we  leave  this  fubject,  it  is  worth  ob- 
ferving,  that  glafs  is  corroded  by  an  acid  con- 
tained in  Derby fliire  fpar  : which  acid  is  there- 
fore employed  in  making  etchings  or  engravings 
on  glafs. 

The  third  kind  of  alkali  is  called  the  Volatile 
Alkali , which  is  fometimes  called  fpirit  of  harts- 
horn ; it  is  a fait  for  the  rnott  part  obtained  from 
animal  fubttances,  as  urine,  bones,  dung  &c. 
This  alkali  is  dittinguiihed  from  the  two  former 
not  only  in  its  great  volatility,  but  alfo  in  its  pun- 
gent and  fuffocating  odour.  Pure  volatile  alkali 
is  not  the  fubttance  which  generally  goes  under 
this  name,  but  an  elaftic  air  or  alkaline  gas,  that 
is  driven  olT  by  a gentle  heat  from  what  is  called 
the  volatile  cauftic  alkali,  which  holds  it  in  fo- 
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lution.  This  gas  extinguifhes  burning  bodies, 
and  kills  animals.  Common  volatile  alkali  is 
fometimes  extracted  from  Sal  Ammoniac,  a fait  for- 
merly imported  from  Egypt,  where  it  is  procur- 
ed from  the  foot  of  Camels  dung,  the  component 
parts  of  it  being  the  volatile  alkali  and  the  marine 
acid:  but  both  the  alkali  and  ammoniac  are  now  for 
the  moll  part  prepared  at  home,  the  former  from 
burning  bones,  foot  &c.  which  being  obtained, 
the  latter  is  compofed  by  adding  to  the  alkali 
fome  vitriolic  acid  and  common  fait : In  this  cafe  a 
double  ele&ive  attraction  as  we  had  occafion  to 
obferve  before,  takes  place.  The  vitriolic  acid 
uniting  with  the  mineral  alkali  forms  Glauber’s 
fait,  and  the  marine  acid  uniting  with  the  vola- 
tile alkali  forms  fal-ammoniac.  Evaporation  fepa- 
rates  the  falts  in  chryhals,  and  the  fal-ammoniac 
is  fublimed  and  made  into  cakes  for  fale. 

As  the  fal-ammoniac  was  obtained  by  fynthells, 
fo  may  the  volatile  alkali  be  had  by  analyfis  ; if 
to  fal-ammoniac  twice  the  quantity  of  powdered 
chalk  be  added,  and  the  mixture  be  expofed  to  a 
fand-heat  in  a retort  with  a receiver  adapted. 
While  the  marine  acid  and  lime  remain  in  the  re- 
tort forming  an  earthy  fait,  the  volatile  alkali  and 
fixed  air  are  driven  over  into  the  receiver  where 
they  compofe  the  fait  called  Sal  Volatile : a fait 
qf  confiderable  ufe  in  medicine,  particularly  in 
reviving  faint  and  languid  fpirits. 

All  the  alkalies  unite  with  fixed  air  : If  a fmall 
quantity  of  folution  of  caullic  alkali  be  poured  on 
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the  inward  Tides  of  a veflel  containing  fixed  air,  and 
the  veffel  be  covered  with  a moifi:  bladder,  the  blad- 
der falls  down  by  degrees  becaufe  the  fixed  air 
being  imbibed  by  the  cauftic  alkali,  a vacuum  or 
void  fpace  is  left  within.  Chryftals  are  formed 
and  depofited  on  the  Tides  by  this  combination. 

Befide  the  ufes  of  Alkalies  already  mentioned, 
they  are  of  important  fervice  in  the  arts  of  dyeing, 
colour-making,  bleaching,  and  others. 

In  bleaching  they  are  employed  to  make  Lixives 
or  Lyes  for  that  part  of  the  procefs  called  buck- 
ing, and  boiling,  the  defign  of  which  is  to  loofen, 
and  carry  off  that  particular  fubflance  in  cloth, 
which  is  the  caufe  of  its  brown  colour.  Their 
application  in  dyeing,  and  extracting  the  colour- 
ing matter  of  certain  fubflances  will  be  {hewn 
hereafter. 


CHAP. 


CHAP*  III. 


Of  Vitriolic  or  Sulphuric  Acid , and  Sulphur. 


V ITRIOLIC  ACID  is,  as  the  name  imports, 
the  acid,  which  makes  part  of  a fait  called  vitriol. 
This  fait  is  procured  from  pyrites , a mineral  fub- 
fiance,  compofed  chiefly  of  iron  and  fulphur  ; and 
which,  by  expofure  to  air  and  moiflure,  undergoes 
a fpontaneous  change,  acquiring  a confiderable 
degree  of  heat,  breaking  and  falling  to  pieces. 
The  refidue,  which  is  found  after  this  natural 
procefs,  is  diffolved  in  boiling  water,  and  then  eva- 
porated ; by  which  means  the  cryflals  of  the  fait 
are  feparated  from  the  earthy  impurities ; and 
being  found  to  be  of  a greenifh  glaffy  appearance, 
they  are  hence  called  green  vitriol.  If  this  fait  be 
diftilled  in  a retort,  the  vitriolic  acid  comes  over 
into  the  receiver,  leaving  behind  a refidue  called 
colcothar  of  vitriol , a red  powder  ufed  in  painting, 
and  alfo  for  polifhing  mirrors. 

This  method  of  obtaining  the  acid  was  ex'- 
tremely  difficult ; it  is  therefore  now  produced  by 
the  combuflion  of  fulphur,  and  hence  called  ful- 
phuric  acid.  Sulphur  or  brimflone  is  a hard, 
brittle,  inflammable  fubflance,  of  a yellow  colour  ; 

it 
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it  is  found  in  great  quantities  in  nature,  fometimes 
pure,  and  fometimes  combined ; for  the  mod  part 
in  the  neighbourhood  of  volcanoes,  where  it  feems 
to  be  driven  out  by  fubterraneous  fires.  This  is 
rendered  highly  probable  by  a fimple  experiment, 
which  fatisfactorily  proves  the  origin  of  thofe 
fires. 

Let  equal  quantities  of  powdered  fulphur  and 
iron  filings  be  mixed  together,  and  kneaded  with 
a little  water  into  the  confidence  of  a pafie.  Let 
this  be  put  into  an  iron  pot,  covered  with  a cloth, 
and  buried  about  a foot  under  ground  : after  fome 
time  the  earth  begins  to  fwell,  grows  warm,  and 
cracks ; hot  fulpliureous  vapours  are  exhaled,  a 
flame  between  the  cracks  is  obferved,  and  the 
earth  is  covered  with  a yellow  and  black  powder  ; 
in  fliort,  there  are  all  the  appearances  of  a vol- 
cano. 

To  reafon  then  from  this  experiment  to  the 
procefs  of  nature  : there  is  no  mineral  more  com- 
monly found  than  that  which  is  compofed  of  iron 
and  fulphur,  under  the  various  names  of  cop- 
peras-ftone,  pundic,  brazil,  brafs-Iumps,  and  py- 
rites : (This  lad  name  has  been  given  to  it  from 
its  driking  fire  with  deel,  and  from  its  taking  fire 
when  laid  in  heaps,  and  moidened  with  water). 
It  is  alfo  well  known  that  water  abounds  below 
the  furface  of  the  earth,  and  that  air  can  be  ad- 
mitted, either  by  accompanying  the  water,  or  by 
making  its  way  through  the  fiflures  and  openings 
on  the  furface ; and  thus,  the  materials  required 

in 


SULPHUR. 


77 


in  the  experiment  being  provided  by  nature,  the 
fame  effe&s  will  follow.  From  thefe  pyrites  ful- 
phur  is  extracted,  by  placing  them  in  earthen  vef- 
fels,  fo  difpofed  in  a furnace,  that,  when  the  ful- 
phureous  part  melts,  it  runs  into  other  veflfels 
filled  with  water,  and  there  congeals.  Sulphur 
in  (licks  has  been  run  into  cylindrical  moulds  of 
wrood.  When  procured  in  this  manner  it  is  im- 
pure, and,  in  order  to  obtain  it  in  a pure  (late, 
the  fulphur  mu(l  be  heated  in  a clofe  veflel  with 
a gentle  heat,  a little  above  what  is  fufiicient  to 
melt  it : the  fine  powder  which  is  fublimcd  is 
called  Jlo-wers  of  fulphur. 

If  fulphur  be  heated  in  the  open  air,  it  firfl  melts, 
and  foon  after  taking  fire,  it  burns  w7ith  a blueifli 
(lame,  at  the  fame  time  exhaling  a mod  fuffocating 
vapour,  which  kills  animals,  and  extinguidies 
flame.  This  vapour  unites  with  water,  producing 
a brifk  heat  and  hiding  noife,  and  difcharging  a 
naufeous  fmell.  The  combination  in  this  date  is 
called  'volatile  'vitriolic  acid ; but  remaining  fome 
time  expofed  to  the  air,  the  acid  becomes  fixed, 
and  lofes  its  fmell,  when  it  is  called  the  fpirit  of 
vitriol ; and,  if  part  of  the  water  be  evaporated, 
the  acid  is  more  concentrated,  and  is  now  called 
oil  of  vitriol ; probably  from  the  little  noife  it 
makes  when  poured  out,  and  from  its  un&uous  or 
greafy  feel  between  the  fingers,  the  (kin  of  which 
it  corrodes,  forming  with  it  a kind  of  foapy  com- 
pound. If  the  fulphur  were  perfectly  pure  in  this 
experiment,  and  the  heat  continued,  the  whole 
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fulphur  would  burn  away  without  leaving  any 
refidue. 

Sulphuric  acid  is  fo  ufeful  in  the  arts  and  manu- 
factures, that  the  making  of  it  is  very  important. 
It  is  obtained  from  fulphur,  by  burning  a mixture 
of  eight  parts  of  this  with  one  of  nitre,  in  veffels 
well  clofed,  and  containing  water.  The  nitre  is 
neceffary,  becaufe  it  fupplies  vital  air  in  abun- 
dance, without  which  the  cumbufb’on  could  not 
proceed.  The  veffels  mud;  be  well  clofed,  to  pre- 
vent the  efcape  of  the  fulphureous  vapour  which 
is  the  acid,  and  water  muff  be  prefent  to  imbibe  it. 
The  general  method  of  obtaining  this  acid  in  the 
large  way  is,  by  burning  fulphur  and  nitre  upon 
gridirons,  placed  in  large  chambers,  lined  with 
lead,  and  containing  water ; from  which  cham- 
bers the  condenfed  acid  may  flow  through  pipes 
into  a refervoir. 

Pure  concentrated  fulphuric  acid  is  colourlefs, 
and  emits  no  fumes.  It  attraCls  more  than  twice 
its  weight  of  water  from  the  atmofphere,  if  fuf- 
fered  to  remain  in  open  veffels:  it  cannot  be  en- 
tirely feparated  from  the  water,  to  which  it  is 
united,  by  any  known  means.  When  it  is  dif- 
tilled,  the  watery  part  firft  rifes,  leaving  the  acid 
more  concentrated  : as  the  procefs  goes  on,  the 
acid  rifes  with  the  water.  It  has  no  aClion  on  the 
quartzy  or  filiceous  earths,  but  in  part  diffolves 
thofe  which  have  been  fufed  with  alkalies.  ' It 
combines  with  clay,  terra  ponderofa,  magnefia, 
quick-lime,  metals,  and  moft  combuflible  fub- 
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fiances,  and  with  all  the  alkalies ; but  fatorates 
near  twice  as  much  fixed  as  volatile  alkali. 

With  argillaceous  earth  or  clay,  fulphuric  acid 
forms  alum,  which,  however,  is  not  made  for  com- 
mercial purpofes  in  this  way,  but  is  extracted 
from  ores.  In  the  neighbourhood  of  volcanoes, 
where  it  is  often  found  ready  formed,  it  is  ex- 
tracted by  boiling  and  wafliing,  and  by  fubfequent 
evaporation.  It  is  alfo  made  from  a black  flaty 
fubftance  called  J hale , which  contains  a good  deal 
of  bitumen.  During  its  calcination,  the  fiiale 
emits  a fulphureous  acid,  contained  in  the  bitu- 
men, which  uniting  to  its  flaty  earth,  forms  alum. 
About  120  tons  of  calcined  lhale  make  one  ton 
of  alum.  The  fliale,  when  calcined,  is  fleeped  in 
water,  by  which  means  the  alum  is  dilfolved  ; and 
this  afterwards  undergoes  other  operations.  The 
making  of  it  cofts  about  ten  pounds  a ton.  Be- 
fide  many  other  ufes,  to  which  alum  is  applied,  it 
is  of  the  mod  important  fervice  in  the  art  of 
Dyeing. 

With  lime,  the  fulphuric  acid  makes  felenite, 
gypfum,  or  plaifter  of  Paris.  This  faline  fubftance 
is  found  abundantly  in  nature : the  lapis  fpecu- 
laris  and  alabafter  are  of  this  kind.  Gypfum  is 
employed  in  making  cielings,  cornices,  and  me- 
dallions ; and  likewile,  for  taking  off  impreflions 
in  a mould,  by  making  it  with  water  into  a fort 
of  pafte. 

With  magnefia,  it  forms  Epfom  fait.  In  the 
date  of  this  fait  magnefia  is  generally  found  in 
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nature ; and  it  is  obtained  by  difl'olving  the  fait 
in  water,  and  adding  half  its  weight  of  potafli : 
the  magnefia  is  precipitated,  and,  being  wafhed 
and  dried,  appears  in  the  form  of  a foft  white 
powder. 

With  barytes,  the  fulphuric  acid  forms  pon- 
derous fpar,  or  marmor  metallicum,  of  ufe  in 
ftrong  fluxes.  Barytes,  as  well  as  magnefia,  is 
generally  found  in  nature,  combined  with  this 
acid.  To  procure  it,  the  fpar  is  to  be  pounded, 
mixed  with  twice  or  thrice  its  weight  of  potalh, 
and  expofed  to  a red  heat.  The  acid  and  alkali 
unite,  and  leave  the  barytes. 

With  the  vegetable  alkali,  it  forms  vitriolated 
tartar;  and  with  mineral  alkali,  Glauber’s  fait ; 
both  ufed  as  purgatives  in  medicine:  and  with 
volatile  alkali,  vitriolic  ammoniac,  which  difiolves 
mod  metals,  except  gold. 

Sulphuric  acid  is  one  of  thofe  acids  which  ad- 
heres moll  ftrongly  to  its  bafes  : the  combinations 
with  which,  efpecially  the  molt  important,  fliall 
be  confidered,  when  thofe  bafes  are  particularly 
examined.  If  combuflible  bodies  be  combined 
with  this  acid,  they  decompofe  it,  and  dilengage, 
for  the  mod  part,  a fulphureous  gas,  of  the  fame 
nature  with  the  vapour  of  burning  fulphur ; and 
fometimes,  alfo,  an  inflammable  gas,  as  when 
metals  combine  with  the  acid  in  a diluted  date. 
Whereas  the  nitrous  acid,  in  combinations  with 
combuflible  bodies,  always  difengages  a nitrous 
gas.  The  fulphureous  gas,  as  we  have  feen,  is 
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imbibed  by  water : if  this  be  fait  doled  for  fome 
days,  fulphur  is  depofited.  Whence  fulphur  and 
the  nitrous  gas  feem  to  bear  the  fame  relation  to 
their  refpeclive  acids ; and,  as  will  hereafter  ap- 
pear, each  of  them,  in  combination  with  vital  air, 
produces  its  own  acid.  As  fulphur  has  been 
Ihewn  to  yield  fulphuric  acid,  fo  may  this  acid  be 
converted  into  fulphur ; by  fufing  equal  parts  of 
vitriolated  tartar  and  vegetable  alkali  together  in 
a crucible,  and  by  adding  half  a part  of  powdered 
charcoal.  The  whole  being  well  ftirred,  and 
heated  ftrongly,  is  poured  out  fparkling  upon  a 
fmooth  hone,  previoufiy  w ell  greafed.  When  the 
mafs  is  cool,  it  is  diffolved  in  water,  and  an  acid 
added  to  the  folution,  which  ftrongly  unites  to  the 
alkali : fulphur  is  precipitated.  The  additional 
alkali  ufed  in  the  experiment,  probably  ferves  to 
aifift  the  fufion  of  the  original  mafs  ; and  alfo,  by 
combining  with  the  acid,  to  prevent  it  from  flying 
off,  till  in  the  procefs  it  acquires  a folid  form, 
either  by  receiving  phlogifton  from  the  charcoal, 
or  lofing  vital  air ; by  either  of  which  means  the 
fulphuric  acid  was  during  combuftion  changed  into 
fulphur. 

An  alkaline  liver  of  fulphur  is  a combina- 
tion of  the  flowers  of  fulphur  with  fixed  al- 
kali. Thefe  livers  of  fulphur,  called  fometimes 
bcparsy  are  of  different  kinds,  according  to  the 
fubftance  with  which  the  flowers  of  fulphur  are 
combined.  If  they  are  combined  with  lime,  they 
are  called  calcareous  livers  of  fulphur,  and  fo  of 
others.  If  water  be  poured  upon  a mixture  of 
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hot  quick-lime  and  flowers  of  fulphur,  the  heat 
occafioned  by  the  aClion  of  the  lime  is  fufficient 
to  promote  their  union  ; and  if  more  water  be 
added,  the  mixture  aflumes  a reddifli  colour,  and 
emits  a fetid  odour.  It  is  readily  altered  by  the 
air,  and  lofes  its  colour  and  odour  according  as 
the  hepatic  gas  efcapes.  It  is  decompofed  by  the 
alkalies,  which  from  their  ftronger  attraction  to 
fulphur  precipitate  the  lime;  and  by  acids,  which, 
from  their  ftronger  attraction  to  lime,  precipitate 
the  fulphur  in  a fine  powder  called  magijiery  of 
fulphur. 

The  alkaline  livers  of  fulphur  diifer  confider- 
ably,  according  as  the  alkalies  are  cauflic  or  mild; 
the  former  being  deeper  coloured,  ftronger,  and 
more  alterable,  and  the  gas  more  fetid  and  in- 
flammable than  the  latter.  They  are  made  in 
the  moifl:  way,  but  aflifled  by  heat,  if  half  the 
weight  of  fulphur  be  boiled  in  a folution  of  fixed 
alkali ; or  in  the  dry  way,  if  equal  weights  be 
melted  in  a crucible,  and  poured  out  on  a fmooth 
ftone. 

Acids,  by  decoinpofing  all  the  livers  of  fulphur, 
difengage  an  hepatic  or  fetid  gas,  whofe  fmell  is 
infupportable.  It  kills  animals  luddenly,  turns 
the  fyrup  of  violets  green,  and  fome  metallic  calces 
quite  black.  It  burns  with  a flight  blueifli  flame, 
and,  when  kindled  in  glafs  veflels,  depofits  on 
their  fides  flakes  of  fulphur.  It  is  decompofed  by 
the  air,  and  depofits  fulphur  in  this  cafe  alfo. 
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The  volatile  cauftic  alkali  has  but  very  little 
cffeft  upon  fulphur  in  the  folid  form,  but  affords 
a liver  of  fulphur,  if  they  are  prefented  to  each 
other  in  the  form  of  vapour.  Let  equal  parts  of 
quick-lime  aud  fal-ammoniac,  with  half  a part  of 
fulphur,  be  diffilled,  and  let  the  volatile  parts,  viz. 
the  volatile  alkali  and  the  fulphureous  gas,  when 
driven  over,  be  combined  with  a little  water,  con- 
tained in  the  receiver ; thefe  will  give  a volatile 
liver  of  fulphur,  called  the  fuming  liquor  of  Boyle. 
A few  drops  of  oil  of  vitriol  let  fall  on  this,  pro- 
duce a great  degree  of  heat  and  agitation,  fol- 
lowed by  a violent  explofion.  This  wras  accident- 
ally difcovered  by  Mr.  Fourcroy,  miftaking  oil  of 
vitriol  for  fpirit  of  vitriol. 

Sulphur  is  of  excellent  ufe  in  difeafes  of  the 
lungs  and  ikin ; and  the  livers  of  fulphur  are 
thought  good  for  obftruftions,  numbnefles,  palfies, 
&c.  It  is  alfo  of  great  ufe  in  the  arts,  being  one 
of  the  component  parts  of  gunpowder,  making 
combuftible  matches,  &c.  It  is  ufed  to  whiten 
filks,  and  to  deffroy  certain  colours,  by  means  of 
its  acid  vapour,  and  to  flop  the  fermentation  of 
wines,  &c.  The  acid  of  fulphur  is  much  employed 
in  the  manufa&ure  of  linen,  to  whiten  the  cloth. 
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Of  Nitrous  Acid  and  Nitre . 

ISflTROUS  ACID  is  the  acid  of  a neutral  fait 
called  Nitre,  or  Saltpetre ; and  confifls  of  two 
airs,  pure  air,  and  the  nitrous  gas.  In  the  fluid 
form  in  which  it  appears,  it  is  combined  with 
water,  and  is  of  a yellow  or  red  colour  : it  turns 
the  blue  of  fyrup  of  violets  into  red,  and  is  fo 
cauftic  as  to  corrode  the  flefli  of  animals. — It  is 
extremely  volatile,  fo  as  to  be  evaporated  in  the 
common  heat  of  the  atmofphere  : it  unites  rapidly 
with  water  and  gives  out  heat,  and  when  diluted 
a good  deal  lofes  its  colour,  in  which ' ftate  it  is 
called  aquafortis . 

Nitrous  acid  unites  with  lime,  magnefia,  terra 
ponderofa,  clay,  and  the  alkalies  forming  W'ith 
thefe  feverally  as  bafes  various  falts.  When 
combined  with  combuftible  fubftances  it  calcines 
them,  and  difengages  an  air  called  nitrous  gas , 
which  is  unfit  for  refpiration  or  combuflion,  and 
which  fuddenly  unites  with  vital  air,  forming  with 
it  nitrous  acid. — As  loon  as  the  two  airs  come  in 
contact,  though  both  colourlefs,  they  become  red, 
and  when  imbibed  by  wrater  produce  aqua-fortis — 
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fo  that  the  red  cloud  formed  by  them,  was  the 
nitrous  acid  in  the  aerial  form.  Dr.  Priedly, 
from  this  property,  made  a number  of  mod  inge- 
nious experiments  to  determine  the  purity  of  com- 
mon air.  He  found  that  the  more  pure  this  was, 
the  more  apt  was  a mixture  of  the  nitrous  gas 
with  it  to  produce  thofe  red  fumes  and  to  be 
diminiflied  in  bulk. — And  hence  he  difcovered 
what  common  air  was  more  and  what  lefs  refpi- 
rable  than  others.  So  far  then,  as  this  particular 
caufe  is  connected  with  health,  his  difcovery  is 
valuable  ; but  not  extending  beyond  the  effects 
of  air  on  refpiration,  and  taking  in  none  of  thofe 
a&ions  which  it  has  upon  the  domach,  the  fkin, 
and  particularly  the  nerves,  in  thefe  refpects  it 
mud  fail  in  always  /hewing  the  wholfomed  air  in 
which  to  live. — The  air  of  two  diderent  places 
may  have  the  fame  proportion  of  vital  air,  and, 
therefore,  fhe\Y  the  fame  refult  in  thefe  experi- 
ments ; and  yet  in  the  other  component  parts  one 
of  thofe  airs  may  be  much  more  noxious  than  the 
other.  Nitrous  acid  frequently  exhibits  different 
colours,  as  red,  orange,  green,  and  blue  : this  is 
probably  owing  to  its  attraction  of  nitrous  air,  for 
when  expofed  to  the  aCtion  of  this  air,  the  acid 
changes  to  thofe  diderent  colours,  in  the  above 
order,  according  to  the  quantities  of  air  imbibed. 
—The  nitrous  air  which  is  thus  imbibed  after- 
wards efcaping  and  uniting  with  the  vital  air  of 
the  atmofphere,  forms  reddifh  fumes. 
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Water  impregnated  with  nitrous  acid,  in  the 
elaftic  or  aerial  form,  is  changed  fucceflively  into 
blue,  green,  red,  and  yellow,  continually  in- 
creafing  in  bulk,  till  at  laft  it  has  gained  one- 
third. 

Nitrous  acid  mixed  with  all  the  oils  obtained 
from  vegetables,  called  elfential  oils,  produces, 
fudden  and  great  inflammation  : if  you  mix  fuming 
acid  of  nitre  with  oil  of  turpentine  in  the  fevered 
weather,  when  each  of  them  is  colder  than  ice, 
they  will  inflantly  take  Are  and  burfl  into  a great 
flame.  In  making  this  dangerous  experiment  a 
long  pole  ought  to  be  ufed,  left  the  burning 
matter  fliould  fall  on  the  hands  of  the  operator. 

It  does  not  appear  in  this  and  other  cafes,  that 
the  Ample  mixture  produces  heat  : the  fubftances 
muft  a<ft  in  fome  very  different  way,  and  this 
aflion  does  not  take  place  immediately. — Some- 
times the  mixture  will  remain  cold  for  feveral 
minutes,  after  which  it  heats  and  boils  for  a good 
while,  as  when  fuming  acid  of  nitre  is  mixed  with 
two  parts  of  fpirit  of  wine  : the  very  form  of  the 
bodies  feems  to  be  changed,  and  in  the  words  of 
Dr.  Hooke,  (who  flrft  obferved  that  vitriolic  acid 
mixed  with  water  took  up  lefs  fpace  than  might 
be  expe&ed  from  their  feparate  bulks)  there  is  a 
penetration  of  their  dimenlions. 

Nitrous  acid  is  obtained  from  nitre  by  diftilla- 
tion,  moft  commonly  as  follows  : let  one  part  of 
pure  fulphuric  acid  be  poured  upon  two  parts  by 
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weight  of  nitre,  and  let  the  mixture  be  diftilled — 
a very  flrong  acid  comes  over  of  a yellowifli  colour 
and  fuffbeating  fmell,  and  having  the  property  of 
emitting  red  fumes.  By  adding  water  to  this  acid 
its  colour  may  be  rendered  firft  green,  and  then 
blue,  but  the  fumes  continue  red. — This  is  called 
the  acid  of  nitre,  or  fpirit  of  nitre,  and  fometimes 
Glauber’s  fuming  fpirit  of  nitre,  from  the  name 
of  the  firft  difcoverer.  The  acid  was  driven  over, 
being  difengaged  from  the  alkali  of  the  nitre  by 
the  ftronger  elective  attraction  of  this  to  the  ful- 
phuric  acid — and  this  is  clearly  proved  from 
examining  the  refidue  in  the  retort,  which  is 
found  to  poflefs  all  the  properties  of  a fubflance 
compofed  of  fulphuric  acid  and  vegetable  alkali. 

A weaker  fpirit  of  nitre,  called  aqua-fortis , is 
fometimes  procured  by  dift'lling  nitre  in  conjunc- 
tion with  green  vitriol  calcined  to  a certain  degree, 
or  with  fome  fort  of  clays,  for  many  of  thefe  con- 
tain fulphuric  acid  ; but  neither  this  nor  the  for- 
mer are  pure  nitrous  acid,  becaufe  part  of  the 
fulphuric  acid  always  comes  over  by  diftillation. 
However  in  the  cafe  of  aqua-fortis  this  is  fome- 
times rather  an  advantage  than  the  contrary,  a 
flight  mixture  of  the  fulphuric  acid  aflifling  the 
nitrous  acid  in  the  arts  of  dyeing  and  engraving. 
It  is  otherwife  in  the  refining  of  filver,  where  the 
nitrous  acid  ought  to  be  pure,  and  therefore 
Ihould  be  obtained  by  dirtilling  nitre  with  fome 
fubflance  not  containing  that  acid. 
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Nitrous  acid  mixed  with  ftrong  fulphuric  is 
found  to  be  a moft  powerful  folvent  of  filver, 
though  it  has  little  effeC  on  any  other  metal. 

Nitre  is  formed  by  the  union  of  the  nitrous 
acid  with  the  vegetable  alkali ; it  has  a cooling 
tafte,  is  perfectly  neutral,  and  does  not  in  the 
lead;  change  the  colour  of  fyrup  of  violets. — This 
fait  is  found  in  places  where  the  dung,  urine,  and 
other  putrid  matter  of  animals  and  vegetables  are 
depofited,  as  in  ftables,  privies,  &c.  and  alfo  in 
vaults,  or  damp  cellars,  efpecially  if  old  lime, 
mortar,  and  other  calcareous  fubftances  be  near. 
If  thefe  circumftances  concur,  and  be  aftifted  by 
free  contaC  of  air,  nitre  will  not  fail  to  be  pro- 
duced.— It  is  with  a view  to  thefe  principles, 
that  the  procefs  of  obtaining  nitre  by  art  is  con- 
duced. 

Large  pits  are  dug,  or  walls  built,  in  dry 
places,  over  which  Iheds  are  fixed,  open  at  the 
iides : this  is  done  for  the  purpofe  of  excluding 
rain,  and  admitting  a free  current  of  air.  Thefe 
pits  are  then  filled  with  rotten  vegetables,  dung 
of  animals,  and  other  putrid  fubftances,  together 
with  loofe  calcareous  earth,  rubbilh,  and  fuch 
matters ; the  mafs  is  watered  and  ftirred  from  time 
to  time,  and  after  remaining  lome  months  in  this 
fituation,  nitre  is  found  to  be  formed.  If  the  pits 
contained  a great  quantity  of  vegetable  fubftances 
the  fait  will  be  common  falt-petre ; but  if  the 
lime  and  rubbilh  predominate,  the  fait  will  be 
what  is  called  calcareous  nitre. 
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The  method  of  extracting  the  nitre  is  as  fol- 
lows : the  mafs  which  contains  it  being  pounded, 
is  put  into  large  cafks,  with  a cock  at  bottom, 
together  with  draw  to  prevent  the  palfage  from 
being  (topped,  and  alfo  fome  allies — boiling  water 
is  then  poured  in,  which  dilfolves  the  fait  and 
carries  it  off  through  the  hole  in  the  bottom ; 
after  it  has  flood  for  fome  time  more  water  is 
poured  in,  for  the  purpofe  of  extracting  the  whole 
of  the  fait,  and  the  impregnated  water  is  made  to 
pafs  again  through  other  veffels,  with  a view  to 
laturate  it,  and  fo  increafe  its  flrength.  It  is  then 
boiled  and  made  to  evaporate,  the  fcum  being 
taken  off ; and  when  the  evaporation  has  been 
carried  to  a certain  point,  the  common  fait,  which 
always  makes  part  of  the  composition,  falls  to  the 
bottom  and  may  be  taken  out  in  ladles,  the 
nitrous  fait  (fill  remaining  fufpended : then  the 
remaining  fluid  may  be  Suffered  to  cool,  and  a 
great  part  of  the  nitre  will  form  into  cryflals, 
while  the  common  Salt  that  is  left  continues  dif- 
folved  in  the  cold  water.  When  thefe  cryflals  are 
removed,  fubfequent  evaporation  will  afford 
more  ; this  is  called  nitre  of  the  firfl  boiling,  and 
contains  fome  common  fait  with  calcareous  and 
other  matters ; from  which  it  is  purified  by  dif- 
folving  it  in  a Small  quantity  of  water,  and  by  cla- 
rifying this  boiling  liquor  with  ox-blood,  which 
colleCls  the  impurities  as  they  rife  from  the  bot- 
tom, and  holds  them  on  the  Surface.  The  cryflals 
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now  obtained,  after  taking  off  the  fcum  and  eva- 
poration, are  a much  purer  fait  than  the  former, 
and  are  called  nitre  of  the  fecond  boiling. — For 
nice  purpofes  this  procefs  is  repeated  four  times. 

It  was  obferved,  that  at  a certain  point  of  the 
evaporation  common  fait  fell  to  the  bottom,  while 
nitre  was  fufpended,  and  at  another  point  this  was 
reverfed : the  reafon  of  which  is,  that  nitre  is  a 
great  deal  more  foluble  in  hot  than  in  cold  water, 
whereas  common  fait  is  little  more  fo — hence 
when  fo  much  water  is  evaporated,  that  enough 
does  not  remain  to  hold  both  falls  in  folution,  the 
nitre  will  be  held  up  by  the  heat  of  the  water, 
which  having  little  effect  upon  the  common  fait, 
this  will  precipitate. — And  again,  when  the  water 
becomes  colder,  the  nitre  will  be  no  longer  held 
in  folution,  as  requiring  fix  or  eight  times  more 
cold  water  than  hot ; at  the  fame  time  enough 
will  remain  to  hold  the  common  fait  in  folution, 
which  requires  little  more  of  cold  than  of  hot 
water  for  the  purpofe. 

The  mixture  of  nitre,  fulphur  and  charcoal  in 
certain  proportions  is  the  compofition  called  gun- 
powder, which  proportions  are  in  ioo  pounds 
weight,  about  75  pound  of  nitre  9 of  fulphur 
and  1 6 of  charcoal.  This  mixture  is  pounded 
for  feveral  hours  in  a wooden  mortar,  with  a 
peflle  of  the  fame  materials,  and  a very  fmall 

s 

quantity  of  water  is  by  degrees  added.  When  it 
has  been  formed  into  a fliff  pafle,  from  which 
molt  part  of  the  water  has  been  evaporated  it  is 
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then  reduced  into  grains  by  fhaking  it  and  palling 
it  through  feveral  leather  fieves,  which  are  moved 
backwards  and  forwards  horizontally,  the  fieves 
having  holes  of  different  fizes  by  which  the  grains 
are  formed.  If  thefe  come  not  round  from  the 
fieves,  they  are  put  into  a barrel  and  rolled  about, 
by  which  means  they  become  round  by  rubbing 
againfl  each  other.  The  powder  is  alfo  made 
fmooth  fo  as  not  to  foil  the  fingers  by  moving  the 
barrel  quickly  round  an  axis.  But  this  fmooth 
powder  is  not  reckoned  fo  good  as  the  other,  pro- 
bably becaufe  the  grains  are  too  clofe  and  not  fo 
eafily  for  that  reafon  fet  on  fire.  Neither  is  any 
powder  which  is  grained  fo  ftrong  as  when  fim- 
ply  dried,  becaufe  more  water  is  required  for 
the  former  purpofe,  which  cryfiallizes  the  nitre 
and  thus  feparates  it  from  the  other  fubftances. 
And  for  the  fame  reafon,  but  in  a much  greater 
degree,  it  happens,  that  gunpowder,  which  has 
ever  been  wetted  cannot  by  any  drying  be  reftor- 
ed  to  its  former  firength. 

Gunpowder  is  fometlmes  dried  in  apartments 
fronting  the  fouth  and  admitting  the  fun’s  heat. 
In  warm  countries  this  method  feems  preferable  to 
any  other,  but  in  more  temperate  or  cold  climates 
it  is  neceffary  to  refort  to  artificial  heat.  They 
generally  make  ufe  of  floves  in  England  which  are 
heated  by  large  iron  pots.  Care  fhould  be  taken 
to  regulate  the  heat  fo  as  that  the  fulphur  fhould 
not  evaporate,  and  on  the  other  hand  that  the 
gunpowder  fhould  be  entirely  freed  from  its 
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moiflure.  For  from  what  has  been  faid  it  appears 
that  moiflure  even  that  of  the  atmofphere  greatly 
weakens  its  force,  and  on  this  account  the  falt- 
petre  employed  ought  to  be  of  the  pureft  kind  be- 
caufe  fuch  will  not  attra<fl  water  from  the  atmof- 
phere whereas  when  mixed  with  common  fait,  it 
will  do  fo  very  fenfibly.  The  fulphur  alfo  fliould 
be  chofen  with  care  : that  which  is  fold  under  the 
name  of  flowers  of  fulphur  is  preferable  to  that 
which  is  fold  in  flicks,  although  this  be  not 
very  impure.  But  however  pure  the  materials 
may  be,  this  is  of  little  ufe  unlefs  their  mixture 
be  intimate  and  perfeft.  When  any  grain  of 
gunpowder  takes  fire,  it  inflantly  communicates 
the  fire  to  the  entire  heap : this  effect  is 

called  Detonation  : which  with  the  other  known 
effects  of  gunpowder  are  owing  to  the  expan- 
flon  of  the  elaftic  airs  that  are  difengaged.  If 
the  combuflion  fliould  be  carried  on  by  more  flow 
and  fucceflive  degrees  it  is  called  dejlagration. 
Nitre  will  not  detonate  unlefs  fome  combuftible 
matter  be  added  to  it. 

Great  and  powerful  as  is  the  force  of  gunpow- 
der, it  is  weak  in  comparifon  of  that  of  fulminating 
powder  which  is  compofed  of  3 parts  of  nitre  2 of 
fixed  fait  of  tartar,  and  1 of  fulpher  in  powder. 
Thel'e  are  bruifed  very  fine  and  carefully  mixed 
in  a warm  marble  mortar  with  a wooden  peftle. 
If  this  mixture  be  fufed  in  a ladle  the  effetts  are 
aflonifliing  : an  exploflon  takes  place  (with  only 
a drachm  of  it)  louder  than  a cannon  and  the 
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ladle  is  bent  or  disfigured.  Liver  of  fulphur  with 
nitre  gives  the  fame  effett  : whence  it  appears 
that  the  alkali  of  the  tartar  and  the  fulphur  of  the 
former  mixture  form  a true  liver.  It  is  probably- 
owing  to  a much  more  inflammable  hepatic  gas 
being  difengaged  in  thefe  lad  cafes,  which  com- 
bining with  the  vital  air  caufes  a more  violent  ex- 
plofion. 

Nitre  we  have  faid  confifts  of  nitrous  acid  and 
vegetable  alkali  which  may  be  proved  by  Synthe- 
fis  in  the  following  manner.  Pour  fome  nitrous 
acid  into  a folution  of  potafli,  tartar  or  any  other 
vegetable  alkali,  till  no  more  elfervefcence  or  boil- 
ing appears.  Evaporate  and  cryftallize  the  com- 
pound and  it  is  found  to  be  a perfeft  nitre  : This 
ufually  called  Regenerated  Nitre. 

Nitre  is  of  extenfive  ul'e  in  the  arts  as  in  ma- 
king of  glafs  and  gunpowder  and  in  fmelting  me- 
tals, by  forming  fufing  matters  called  fluxes.  It 
is  alfo  confidered  a fine  cooling  medicine  and  an 
antifeptic  or  means  of  prevention  again!!  putre- 
faction. 


CHAP- 


CHAP.  V. 


Of  the  Marine  Acid  and  Sea-Salt , with  obfer - 
nations  on  the  Waters  of  the  Sea . 


1 HE  Marine  Acid  is  an  acid  which  makes  part 
of  the  compofition  of  fea-falt.  In  its  ufual  form 
it  is  a fluid  like  water,  being  when  pure  quite  co- 
lourlefs.  Like  the  other  acids  it  reddens  the 
fyrup  of  violets  and  is  cauftic  enough  to  corrode 
the  ikin  and  organs.  If  the  veflel  in  which  it  is 
contained  be  opened  and  the  hand  be  applied  to  its 
neck  a confiderable  heat  is  felt  which  is  owing  to  a 
combination  of  the  acid  in  its  true  ftate  of  vapour 
with  the  external  air.  Dr.  Prieftly  obtained  it 
by  diftilling  the  ftrong  marine  acid  in  a retort, 
whofe  neck  was  immerfed  in  quick-fllver.  The 
vapour  which  is  more  volatile  than  water  came 
over  and  feemed  like  common  air.  It  is  how- 
ever found  to  be  much  heavier,  to  inflame  the  Ikin  ' 
and  to  fuffocate  animals.  Pure  air  or  atmofpheric 
air  coming  into  contaft  with  it  produces  heat  and 
caufes  white  fumes : It  combines  rapidly  with 
water  and  melts  ice.  In  this  union  heat  takes 
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The  vapour  here  fpoken  of  is  called  marine  acid 

air. 

Marine  acid  combined  with  vegetable  alkali 
forms  a fait  called  Salt  of  Silvius , which  is  fome- 
times  ufed  in  medicine  ; with  the  mineral  alkali  it 
forms  common  fait ; and  with  the  volatile  alkali 
fal  ammoniac ; on  this  lad  combination  much 
heat  is  raifed,  a cloud  is  formed  and  the  fides  of 
the  veflel  hung  with  chrydals  of  the  fait.  With 
lime  it  gives  marine  felenite,  and  with  ponderous 
earth  a fait  of  great  ufe  in  detecting  the  prefence 
of  fulphuric  acid  which  unites  with  the  earth; 
and  alfo  for  purifying  the  marine  acid  from  any 
fulphuric  acid  it  might  contain,  in  the  fame 
manner. 

When  diddled  with  calx  of  manganefe  the  ma- 
rine acid  yields  an  eladic  fluid  which  corrodes 
mercury,  diflblves  gold,  and  is  imbibed  by  water. 
It  dedroys  blue  vegetable  colours  making  them 
white  : it  bleaches  wax  and  has  been  ufed  with 
fuccefs  in  different  manufactures.  It  is  called 
Dcphlogi/licated  Spirit  of  Salt  or  Marine  Acid. 

Marine  acid  combined  with  nitrous  acid  forms 
aqua-regia , fo  called  from  being  employed  to  dif- 
folve  gold,  the  King  of  Metals.  It  is  curious 
that  two  acids  which  feparately  have  no  aCtion  on 
gold  fliould  become  capable  of  dilfolving  it  when 
united.  For  common  purpofes  we  may  make 
aqua-regia  by  dilfolving  fal  ammoniac  in  about 
four  times  its  weight  of  llrong  nitrous  acid.  The 
marine  acid  is  difengaged  by  the  ftronger  attrac- 
tion 
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tion  of  the  volatile  alkali  to  the  nitrous  acid  ; by 
which  means  a combination  takes  place  between 
the  acids  that  will  anlwer  well  enough  unlefs 
there  be  a great  deal  of  alkali  in  thefal  ammoniac. 
Aqua  Regia  may  alfo  be  obtained  by  dihilling 
equal  quantities  of  Sea  Salt  and  Nitrous  acid  with 
a gentle  heat  after  they  have  flood  i o or  12  hours. 
An  acid  comes  over  which  is  Aqua  Regia. 

Marine  acid  has  a flrong  attraction  to  filver  and 
this  property  enables  ar rills  to  purify  nitrous  acid, 
by  adding  to  it  a fmall  quantity  of  the  nitrous  fo- 
lution  of  filver  : the  filver  will  unite  with  any  ma- 
rine acid  which  happens  to  be  mixed  in  the  nitrous 
acid,  and  fall  down  with  it  to  the  bottom  leaving 
the  nitrous  acid  more  pure : care  mull  be  taken 
not  to  add  too  much  of  the  folution. 

Marine  acid  is  obtained  from  common  fait  by 
diflilling  it  in  conjunction  with  fulphuric  acid  in 
the  fame  manner  as  nitrous  acid  is  procured  from 
nitre.  The  refidue  left  after  this  didillation  is 
found  to  be  a fubdance  agreeing  in  all  its  proper- 
ties with  that  which  is  compounded  of  fulphuric 
acid  and  mineral  alkali,  that  is,  Glauber’s  fait. 
And  if  the  volatile  product  which  came  over  be 
united  with  the  mineral  alkali  a fubdance  is  com- 
pofed  refembling  in  all  its  properties  common  fait. 
Whence  it  is  evident  that  fea-falt  confids  of  the 
marine  acid  united  to  the  mineral  alkali : the  fait 
produced  by  this  fynthefis  is  called  Regenerated 
Salt. 
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Salt,  whole  compofition  lias  been  juft  now 
mentioned,  is  found  in  great  quantities  in  nature  ; 
as  lirft  in  large  malTes  or  mines,  in  Calabria,  Hun- 
gary, Mufcovy  and  particularly  at  Weilickfa  in 
Poland,  and  Northwich  in  Chelhire.  When  con- 
tained thus  in  the  earth,  it  is  generally  of  an  ir- 
regular form,  and  feldom  cryftallized  ; it  is  fome- 
times  white,  fometimes  coloured  : in  this  ftate  it 
is  called  fal-gemnuz  becaufe  it  is  generally  tranf- 
parent  like  the  cryftals  called  by  that  name. 
There  are  fecondly  many  fait  fprings  in  various 
parts  of  the  world  ; thefe  are  probably  owing  to 
the  rain  or  other  water  finking  through  the  earth, 
till  it  meets  with  the  rock  of  fait,  and  being  flop- 
ped there  for  fome  time,  it  becomes  impregnated 
with  the  fait,  after  which  it  makes  its  way  either 
above  or  below  the  rock,  and  comes  out  a fait 
fpring.  Laftly  the  waters  of  the  fea  every  where 
abound  with  fait  more  or  lefs.  In  this  refpeft 
there  are  great  differences.  The  waters  of  the 
Baltic  are  faid  to  contain  not  more  than  about  J, 
part  of  their  weight  of  fait ; the  German  ocean 
about  and  between  the  tropics  the  fea  is  faid 
by  fome  to  contain  T*B , but  others  with  more  ac- 
curacy . 

From  waters  whether  of  the  fea  or  fprings 
which  contain  fait,  the  general  method  of  obtain- 
ing it  is  by  evaporation.  In  very  warm  climates, 
the  natural  heat  of  the  fun  is  employed  ; and 
where  this  is  fufficient,  it  is  the  bell  method,  and 
affords  the  purefl  fait ; becaufe  evaporation  by 
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fire  cannot  be  fo  regularly  conducted  but  tha 
many  impurities  will  mix  with  the  fait,  and  a por- 
tion of  the  acid  be  driven  off,  efpecially  if  the 
boiling  be  at  all  violent.  To  obtain  fait  from  fea- 
water  through  the  heat  of  the  fun,  a fiat  piece 
of  ground  is  banked  in  near  the  fea,  fo  as  to 
let  in  the  tide  of  flood  and  prevent  its  return ; 
this  is  divided  into  feveral  apartments  communi- 
cating with  each  other.  The  fea  being  admitted 
into  the  firft  of  thefe,  evaporates  for  fome  time 
and  depofits  its  impurities,  after  which  it  is  paf- 
fed  into  the  fecond,  and  the  firft:  apartment  again 
fupplied.  The  water  undergoes  a procefs  in  the 
fecond  fimilar  to  the  former,  and  is  then  let  into 
the  third  divifion  whofe  fides  and  bottom  are  made 
of  very  firm  and  compaft  clay.  Here  the  cryftals 
of  fait  begin  to  form  ; and  as  they  are  formed 
they  are  broken  and  fall  to  the  bottom,  and  when 
in  fufficient  quantity  they  are  taken  out  and  put 
in  heaps  to  dry : this  fait  is  called  bay-J'alt , and 
by  the  French,  gabelle.  In  England  they  evapo- 
rate by  artificial  heat  in  large  lliallow  iron  boilers, 
ftrengthening  the  brine  with  rock-falt . The  cryf- 
tals are  taken  out  in  balkets  ; this  is  called  white- 
falt.  But  although  the  fun’s  heat  in  thefe  cli- 
mates be  not  ftrong  enough  to  carry  on  the  eva- 
poration to  the  point  of  cryftallizing,  it  may 
however  in  very  warm  weather  be  employed  to 
advantage  for  concentrating  the  fait ; becaufe 
the  vapour  which  is  exhaled  being  frefli,  the  re- 
maining brine  mult  be  more  ftrongly  impregnated 
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with  the  fait.  It  is  upon  a fimilar  principle  they 
freeze  the  brine  in  very  cold  countries,  for  the 
ice  is  frelh  and  of  courfe  the  fait  concentrated. 
All  that  is  evaporated  by  tliefe  means  is  fo  far  a 
faving  of  expence  and  fuel.  In  fome  parts  of 
France,  they  walh  the  fand  of  the  fea-lhore, 
which  contains  fome  portion  of  fait,  and  evapo- 
rate this  brine  in  leaden  boilers  ; the  quantity  of 
water  ufed  to  wafli  the  finds  fhould  be  no  more 
than  what  is  merely  fufficient  to  dilTolve  the  fait 
in  them.  In  order  to  aflift  the  evaporation  from 
filt-waters,  the  water  is  fometinies  conveyed  by 
pumps  into  an  apartment,  at  the  top  of  a build- 
ing made  for  the  purpofe,  from  which  it  is  made 
to  fall  upon  faggots  placed  on  planks  fufpended 
below  the  open  floor  of  the  apartment ; thus  pre- 
lenting  a very  large  and  divided  furface,  which 
always  aflifts  evaporation. 

Sea-falt  brine-fprings  and  rock-falt,  all  contain, 
befide  common  fait,  calcareous,  earth,  magnefia. 
Epfum  falts,  Glauber’s  falts  and  efpecially  Gyp- 
fum,  See.  To  purify  flit  from  thefe  improper 
matters,  a conical  veflel  turned  with  its  narrow 
and  clofe  end  downward,  and  bored  with  holes 
through  the  lides,  is  made  ufe  of.  This  is  near- 
ly filled  with  fait,  and  boiling  water  faturated 
with  fait  is  poured  in,  which  will  dilTolve  and 
carry  oft'  the  impurities  (except  Gyplum)  leaving 
the  fait  behind.  The  reafon  of  which  is,  that  the 
heat  is  a powerful  folvcnt  of  thole  foreign  faline 
matters,  blit  not  fo  of  common  fait ; whence  the 
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boiling  water  will  quickly  take  up  the  former,  and 
holding  them  in  folution  bear  them  away  in  its 
courfe,  whi  le  the  common  fait  fet  free  will  pre- 
cipitate and  remain,  thus  at  once  increafmg  and 
purifying  the  mafs.  The  Dutch  are  faid  to  pre- 
pare a fait  for  pickling  herrings  in  a manner  fu- 
perior  to  that  of  all  other  nations : The  chief  fe- 
cret  of  this  confifls  in  evaporating  brine  made 
from  a folution  of  bay  fait,  in  the  gentleft  man- 
ner ; and  mixing  with  it  a proper  quantity  of  four 
whey,  which  unites  itfelf  to  an  uncombined  fixed 
alkali,  that  is  generally  found  among  the  impuri- 
ties of  fait. 

A few  obfervations  concerning  the  waters  of 
the  fea  will  not  be  thought  unfeafonably  connefr- 
ed  with  this  fubjeCt,  and  firfi,  as  to  the  eaufe  of 
their  faltnefs.  Some  are  of  opinion  that  this  is 
owing  to  the  fait  carried  into  the  fea  with  the 
courfe  of  rivers  ; which  fait  not  being  fubjeCI  to 
be  raifed  from  the  fea  by  evaporation,  accumu- 
lates in  a long  courfe  of  ages.  But  befides  other 
objections  to  this  theory,  there  is  one  infuperable. 
It  can  be  fiiewn  by  fatisfaftory  calculation  of 
the  quantity  of  water  contained  in  the  fea  and 
poured  into  it  by  the  rivers,  joined  to  the  propor- 
tions of  fait  contained  in  each  kind,  that  all  the 
rivers  in  the  world  could  not  from  the  creation 
of  it  have  conveyed  into  the  fea  more  than  about 
the  leventeenth  part  of  the  fait  which  is  contain- 
ed in  it.  Others  have  derived  it  from  beds  of  fait 
contained  at  the  bottom  like  the  mines  of  rock 
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fait  found  near  the  furface  of  the  earth.  They 
feem  to  be  of  an  opinion  quite  contradictory  to 
the  former,  for  they  maintain  that  nothing  but 
f'uch  a mafs  of  fait  could  prevent  the  fea  from  be- 
coming frefli  by  the  influx  of  rivers.  But  this 
conjecture  is  built  upon  a falfe  foundation.  For 
fuppoiing  the  rivers  contained  no  fait,  and  that 
they  returned  all  the  water  which  is  raifed  from 
the  fea  by  evaporation,  the  faltnefs  would  Hill 
continue  the  fame.  But  rivers  do  contain  a por- 
tion of  fait,  and  they  do  not  reftore  to  the  fea 
all  that  is  carried  off  by  evaporation  : on  both 
which  accounts  its  faltnefs  fhould  rather  increafe 
than  diminifh.  Others  feem  to  unite  thefe  two 
fuppofitions,  but  have  not  fupported  their  opinion 
with  evidence  fufficiently  convincing.  After  all 
the  queflion  perhaps  may  not  admit  of  a folution, 
for  there  is  no  reafon  to  hinder  us  from  fuppofing, 
that  the  waters  of  the  fea  might  have  been  origin- 
ally formed  in  their  prefent  hate. 

The  next  obfervation  relates  to  the  manner  of 
procuring  frefh  water  from  fea-water  This  can 
be  done  either  by  freezing  or  diftilling.  It  has 
been  already  mentioned  that  fea-water  is  in  very 
cold  countries  expofed  to  freeze,  for  the  purpofe  of 
concentrating  the  fait  in  the  remaining  water : 
the  ice  being  always  found  frelh,  and  therefore 
when  dilfolved  affording  a fupply  of  frefh  water. 
The  procefs  by  diftillation  is  to  employ  a gentle 
heat ; for  this  will  be  fufficient  to  evaporate  the 
water,  yet  leave  the  fait  behind.  Dr.  Irving’s 

i 2 method 
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method  is  to  apply  a tube  of  tin  to  a hole  in  the 
lid  of  a common  kettle  ufed  for  boiling  fhip’s  pro- 
vifions : the  tube  has  an  inclination  downward 
like  the  item  of  a tobacco  pipe,  and  is  kept  con- 
tinually wetted  with  a mop  to  cool  and  condenfe 
the  vapour,  which  has  been  driven  over  from  the 
kettle,  into  water  : and  this  falls  into  a hoglhead. 
If  this  method  be  employed  for  the  purpofe  of 
faving  fuel,  by  combining  the  procefs  with  the 
boiling  of  the  provifions,  it  is  certainly  fo  far 
highly  beneficial : and  it  is  probable  that  the  frefli 
water  fo  procured  though  perhaps  containing 
fome  fait,  from  the  heat  being  a little  too  ftrong, 
is  yet  fufficiently  pure  and  wholefome. 


CHAP. 


CHAP.  VI. 


Of  other  Acids, 


1 O this  confideration  of  the  three  principal 
acids,  a few  remarks  may  be  fubjoined  upon 
others  of  lefs  note  ; as  the  Acid  of  Borax,  the 
Phofphoric  Acid,  the  Sparry  Acid,  and  the  Acid 
of  Amber. 

Borax  is  a fait  which  comes  from  the  Eaft.  It 
is  dug  up  from  the  bottom  of  Salt  Lakes  in  a 
cryftallized  form,  and  is  of  a dull  white,  or  gfeen- 
ilh  colour.  When  this  fait  is  analyzed,  it  is 
found  to  contain  mineral  Alkali  united  to  an  acid. 
For  if  boiling  water  be  faturated  with  the  fait, 
and  a confiderable  quantity  of  fulphuric  acid  be 
added  to  the  folution,  Glauber’s  fait  is  formed  by 
the  combination  of  this  acid  with  the  alkali, 
while  a fcaly  fait  is  found  fwimming  on  the  fur- 
face.  And  if  this  laft  fait  be  combined  with  mi- 
neral alkali,  it  compofes  a kilt  poflefling  the  fame 
properties  with  Borax.  The  Acid  of  Borax  is 
fometiraes  called  Sedative  Salt . The  chief  ufe  of 
Borax  hitherto  known  is  to  ferve  as  a flux  to  vi- 
trify 
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trify  different  earths,  being  a fait  of  a very  fufi- 
ble  kind, 

Phofphorus  is  a fubffance  very  much  refembling 
fulphur,  but  much  more  inflammable.  At  fo 
moderate  a heat  as  6o°  of  Farenheit  it  burns  with 
a weak  flame,  which  affords  no  fenfible  warmth  ; 
having  the  appearance  of  white  fumes  by  day 
light,  but  confiderably  luminous  in  the  dark.  If 
it  is  contained  in  a veffel  which  is  furrounded  by 
water  heated  to  1 6o°,  it  takes  lire  and  burns  with 
a ffrong  flame. 

Phofphorus  abounds  in  the  mineral,  vegetable 
and  animal  kingdoms,  particularly  in  this  laft : 
and  it  is  for  the  moft  part  obtained  from  urine, 
bones,  See.  Bones  contain  this  acid  in  combina- 
tion with  calcareous  earth  : for  if  they  be  pound- 
ed, and  a quantity  of  fulphuric  acid  be  poured 
on  tl\em,  lefs  than  fufficient  to  diffolve  the  whole 
mafs,  part  will  become  Selenite  by  the  union  of 
the  fulphuric  acid  and  lime,  while  the  phofphoric 
acid  being  difengaged  from  its  bafe,  and  being 
evaporated  to  drynefs  from  the  water  it  has  taken 
up,  appears  in  the  form  of  a white  or  tranfparent 
glafs.  And  if  this  glafs  be  pounded  and  diflilled 
with  one  third  of  its  weight  of  charchoal  the 
product  will  be  phofphorus,  a little  impure  from 
a fmall  mixture  of  calcareous  earth  with  its 
acid. 

Phofphoric  acid  may  in  its  turn  be  obtained 
from  phofphorus  by  combuflion,  as  fulphuric 
acid  is  from  fulphur  ; or  by  means  of  the  nitrous 
or  fulphuric  acids  which  have  a Wronger  affinity 
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to  its  bafe ; or  by  a ftream  of  vital  air,  if  the 
phofphorus  be  melted  in  water.  Phofphorus 
takes  fire  fo  readily,  that  it  is  found  neceflary  to 
keep  it  in  a bottle  of  water.  In  handling  it  un- 
der the  water,  care  (hould  be  taken,  that  no  part 
flick  to  the  hands,  or  get  under  the  nails : for 
the  moment  it  comes  into  contact  with  air,  it  will 
take  fire  at  a moderate  temperature.  The  fame 
principle  of  inflammability  accounts  for  the  lumi- 
nous appearance  made  by  writing  with  phoipho- 
rus : which  fhould  be  done  gently  and  flowly 
left  the  phofphorus  take  fire ; and  water  fhould 
be  at  hand  to  extinguilh  it  {hould  this  happen. 

Phofphorus  has  hitherto  proved  of  little  im- 
portant fervice. 

Amber  is  a brittle  fubftance,  for  the  moft  part 
of  a yellowifh  colour,  and  fometimes  tranfparent. 
When  rubbed  it  becomes  ele&ric  and  attra&s 
ftraws.  It  is  inflammable  with  excefs  of  air,  and 
by  difhillation  with  a gentle  heat  in  clofe  veffels 
affords  a fmall  portion  of  water,  a lublimate  which 
is  the  acid  of  Amber,  and  an  oil.  The  acid  mud 
be  purified  by  repeated  folutions  and  cryflalliza- 
tions.  Amber  is  dug  out  of  the  earth  in  large 
quantities,  under  fands,  particularly  on  the  fea 
fhore.  Infers  are  fometimes  found  within  it, 
which  (hews  it  to  have  been  in  a liquid  flate.  Its 
origin  is  yet  uncertain.  By  fome  it  is  thought 
a mineral  fubftance : by  others  a vegetable 

fubftance  from  its  being  found  in  the  neigh- 
bourhood of  folfile  Wood,  and  from  other 
circumftances  j the  moft  general  opinion  is  that 

it 


I06  OTHER  ACIDS. 

it  is  a refinous  juice  of  trees  hardened  by  length 
of  time,  and  mixed  with  vapours  of  falts  and  mi- 
nerals under  the  earth. 

Amber  takes  a very  fine  polifii,  and  is  employ- 
ed in  making  vafes,  fnuff  boxes,  trinkets  and 
fuch  like.  Two  pieces  of  it  may  be  united,  by 
heating  them,  when  moiftened  with  oil  of  tartar. 

Fluor  Spur,  called  alfo  Derbyfhire  fpar  is  a 
fubftance,  which  confifts  of  an  acid  united  to  cal- 
careous earth.  The  acid  is  procured  from  it,  by 
diddling  it  with  half  its  weight  of  fulphuric  acid 
with  a gentle  heat ; the  retort  had  bed  be  of 
lead  or  fome  other  metal,  becaufe  this  acid  has 
the  property  of  diffolving  glafs  and  other  filiceous 
earths ; and  a little  water  fhould  be  in  the  receiv- 
er. Etchings  are  made  in  glafs  by  the  acid. 
Spar  is  made  into  various  beautiful  utenfils  and 
ornaments,  fuch  as  Vafes,  Urns,  Cups,  &c.  &c. 
There  are  feveral  other  acids  mentioned  by  che- 
mical writers : but  to  examine  each  would  exceed 
the  limits  prefcribed  to  this  work.  Metallic  and 
vegetable  acids  (hall  be  examined  in  their  proper 

olaces. 

* 

It  deferves  to  be  remarked  here,  that  the  af- 
finities between  acids  and  alkalies  are  very  differ- 
ent, according  to  the  different  Hates,  in  which 
they  are  prefented  to  each  other,  whether  liquid, 
folid,  or  aerial.  In  the  liquid  date,  the  fulphuric 
acid  is  mod  powerful,  and  the  acid  of  borax  lead 
fo  of  all  except  tartar.  Yet  in  the  folid  form,  as 
when  a combination  of  fulphuric  acid  and  an 
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alkali  is  mixed  with  acid  of  borax,  and  the  mix- 
ture well  dried,  the  acid  of  borax  {hews  a drong- 
er  affinity  to  the  alkali  than  the  fulphuric,  which 
is  driven  off  by  a drong  heat,  while  the  other  re- 
mains. In  the  aerial  form  the  marine  acid  is  mod 
powerful,  and  the  fulphuric  lead.  But  this  lad 
acid,  it  fliould  be  obferved,  cannot  be  kept  in  the 
form  of  vapour  without  being  combined  with  fome 
inflammable  fubdance,  which  weakens  its  force. 


CHAP. 


CHAP.  VII. 


Of  Neutral  Salts , with  the  Effects  of  Solution  and 
Evaporation  on  the  Temperature . 


^N^EUTRAL  SALTS  are  thofe  which  are  fo 
compounded  of  acids  and  alkalies,  as  that  the 
properties  of  one  fhall  not  predominate  over 
thofe  of  the  other  : or  in  other  words,  it  is  a 
compound  which  does  not  itfelf  poffefs  any  of  the 
didinguifliing  properties  of  either  acids  or  alkalies. 
Neutral  falts  are  neither  four  nor  cauftic  ; they 
do  not  effervefee  with  acids,  nor  do  they  change 
the  colour  of  vegetables,  as  of  fyrup  of  violets. 
The  principal  of  thefe  have  been  mentioned  in  the 
courfe  of  the  work,  fuch  as  common  fait,  Glau- 
ber’s fait,  falt-petre,  tartar,  fal-ammoniac,  and 
others.  Befide  thefe,  which  have  the  alkalies  for 
their  bafes,  other  fubftances  are  called  neutral 
falts,  which  confift  of  an  acid  combined  with  other 
bafes,  as  earths  and  metallic  fubftances ; fuch  are 
calcareous  nitre,  formed  by  the  combination  of 
nitrous  acid  with  lime ; Epfom  fait,  the  combina- 
tion 
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tion  of  vitriolic  acid  with  magnefia ; alum,  the 
combination  of  vitriolic  acid  with  clay,  &c.  But 
the  particular  examination  of  thefe  falts  not  falling 
within  the  defign  of  this  work,  we  lhall  pafs  on  to 
enquire  into  the  efieft  of  the  folution  of  falts  upon 
the  temperature. — During  the  folution  of  hilts  in 
water,  heat  is  fometimes  produced,  but  moll  com- 
monly cold. — Fixed  alkaline  falts,  Glauber’s  falts, 
and  white  vitriol,  or  the  combination  of  vitriolic 
acid  with  zinc,  give  out  fmall  degrees  of  heat 
during  their  folution. — Sea-falt,  falt-petre,  fal- 
ammoniac,  produce  different  degrees  of  cold  : — 
thus  if  you  faturate  equal  portions  of  water  with 
thefe  three  falts,  the  quick-lilver  in  the  thermo- 
meter finks,  in  the  firft  folution,  two  degrees ; in 
the  fecond  feventeen  ; and  in  the  lafl  twenty-fix 
below  it’s  former  height  in  water,  which  lafl  is 
the  greateff  degree  of  cold  caufed  by  any  fait 
hitherto  known. 

By  means  of  fal-ammoniac  water  may  be  frozen 
in  fummer,  when  the  quick-filver  (lands  at  feventy 
degrees  in  Farenheit’s  thermometer — for  in  a tub 
let  there  be  included  a bucket,  narrower  and  a 
little  taller,  and  within  the  bucket  a flalk,  the 
mouth  of  which  rifes  above  the  rim  of  the  bucket ; 
and  let  all  the  veflels  be  filled  with  water  heated 
to  feventy  degrees — faturate  then  the  water  in  the 
tub  with  fal-ammoniac,  and  the  temperature  of 
the  water  in  the  bucket  will,  by  its  communica- 
tion with  the  cold  produced  in  the  tub  fall  confi- 
derably,  fuppofe  to  about  fifty  degrees : let  then 
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this  water  in  the  bucket  be  faturated  with  fal- 
ammoniac,  and  the  temperature  of  that  in  the 
flafk  will  in  the  fame  way  fall  fome  degrees  below 
the  freezing  point,  and  confequently  will  be 
frozen.  In  all  thefe  cafes,  the  cold  is  produced 
only  during  the  time  of  the  folution — the  water 
recovers  the  temperature  of  the  atmofphere  fooner 
according  as  its  quantity  is  lefs  and  its  furface 
greater.  There  is  a very  ftrange  and  unaccount- 
able effect  oblerved,  in  mixing  nitrous  acid  with 
fnow,  and  again  with  fnow-water — when  mixed 
with  fnow-water,  it  excites  a confiderable  degree 
of  heat ; and  when  mixed  with  fnow,  it  produces 
the  greateft  degree  of  cold  that  has  ever  been  yet 
obferved. 

Cold  is  alfo  produced  by  the  evaporation  of 
water,  and  other  fluids,  which  may  be  confidered 
as  an  effect  of  the  fame  kind  with  thofe  now  men- 
tioned ; as  it  has  been  {hewn  before,  that  evapo- 
ration is  truly  a folution  of  water  in  air. 

In  dry  weather  a thermometer  was  put  into 
water,  which  had  been  heated  to  eighty-feven 
degrees  of  Farenheit,  by  handing  expofed  to  the 
direct  rays  of  the  fun — it  was  then  taken  out,  and 
its  bulb  held  oppoflte  to  the  fun,  which  {hone  very 
bright : as  the  bulb  grew  dry  by  the  evaporation 
of  the  water,  the  quickiilver  in  the  tube  fell  very 
fall  till  it  came  to  feventy-fix  degrees.  It  there 
continued  at  a hand  for  a moment,  and  then  rofe 
rapidly  to  ninety  degrees  ; from  the  fall  it  appears 
hat  eleven  degrees  of  cold  were  produced  by  the 

evaporation, 
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evaporation,  and  from  the  fudden  rife,  that  the 
cold  ceafed  the  moment  the  evaporation  was  over. 
Again  the  thermometer  was  put  into  water,  and 
flood  at  fifty  degrees,  while  the  temperature  of 
the  air  in  the  fhade  was  fixty-eight  degrees. 
Upon  taking  it  out,  the  quickfilver,  inftead  of 
finking  by  evaporation,  began  to  rife  immediately 
from  the  effeft  of  the  warm  air  : it  was  then  put 
into  water  heated  to  fifty-five  degrees : when 
taken  out  the  quickfilver  flood  for  a time,  and 
then  began  to  rife — it  was  then  put  into  water 
heated  to  fifty-eight  degrees,  and  when  taken 
out  the  quickfilver  fell  three  degrees  before  it 
began  to  rife.  From  thefe  experiments  it  lhould 
feem,  that  fifty- fix  or  fifty-feven  degrees  was 
about  the  degree  of  temperature  of  water  at 
which  the  cold  produced  by  the  evaporation  was 
compenfated,  or  balanced,  by  the  heat  of  the 
atmofphere  at  fixty-eight  degrees  of  Farenheit. 
The  degree  of  cold  produced  by  evaporation, 
appears  to  depend  on  the  quicknefs  with  which 
the  evaporation  is  made ; and  for  this  reafon,  the 
evaporation  of  water  of  a given  temperature  mufl 
be  influenced  by  the  date  of  the  air  and  the 
weather  ; by  the  degree  of  warmth  and  drynefs ; 
by  the  wind,  which  has  a powerful  effect  »n  the 
procefs,  and  by  other  caufes  lefs  known. — And 
upon  the  fame  principle,  ardent  fpirits,  wine, 
ether,  and  many  other  fluids,  produce  greater 
cold  by  evaporation,  as  being  more  quickly  eva- 
porated. 


It 
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It  is  common  with  the  labouring  people,  in  the 
height  of  fummer,  to  drink  large  quantities  of 
beer  and  porter,  which  for  the  mod;  part  goes  off 
by  perfpiration.  The  cold  produced  by  the  eva- 
poration of  the  fweat  helps  to  keep  the  body 
cool — and  thus  has  providence  contrived  to  ren- 
der the  heat  of  the  torrid  zone  more  tolerable, 
by  making  that  heat,  by  means  of  evaporation, 
produce  a coldnefs  on  the  furface  of  the  body. 
When  water  falls  from  a confiderable  height,  it  is 
much  fooner  evaporated  by  being  feparated,  than 
if  it  had  continued  entire,  becaufe  it  prefents  a 
larger  furface  to  the  air.  And  hence  artificial 
cafcades  may  probably  be  of  fervice,  not  only  in 
producing  a gentle  motion  of  the  air,  but  likewife 
by  cooling  the  air  itfelf. 

Wine  is  frequently  cooled  by  wrapping  wet 
cloths  round  the  bottles,  and  expofing  them  to 
the  air  and  wind ; this  is  explained  by  evaporation 
producing  cold,  as  in  the  former  inftance.  There 
is  a great  variety  of  other  fa&s  of  a fimilar  nature, 
but  thofe  already  mentioned  are  fufiicient  to  fhew 
what  was  intended,  and  to  lead  us  to  an  applica- 
tion of  the  principle  in  different  cafes. 


SECT. 


SECT.  III. 


Of  Metallic  and  fo?nc  other  Mineral  Sub/lances. 


CHAP.  I. 
Of  Metals . 


Metals  are  heavy,  opake  bodies,  having  a 
confiderable  degree  of  fplendour,  and  capable  of 
being  fufed  or  melted  with  heat  : many  of  them 
are  malleable,  i.  e.  may  be  extended  by  the  ham- 
mer. They  are  for  the  mod  part  found  in  moun- 
tainous diftri&s,  lying  in  Strata  called  Veins, 
which  in  thefe  fituations  are  generally  fo  difpofed 
as  to  be  much  more  eafily  difcovered  than  in 
plains,  where  they  lie  level.  It  is  alfo  a great 
deal  ealier  to  work  the  mine  or  pit  made  to  ex- 
tract them,  in  the  former  than  the  latter  fituation; 
becaufe  drains  can  be  more  conveniently  had  for 
drawing  off  the  water,  and  avenues  made  for  go- 
ing in  and  out  of  the  mine. 
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Metals  are  generally  mixed  with  earthy  and 
other  fubftances  called  Ores*  Thefe  ores  are  ex- 
tracted by  linking  perpendicular  pits  called  fhafts 
large  enough  to  let  the  workmen  defcend,  and  to 
raife  the  ore.  For  this  laft  purpofe  axles  are 
placed  above  the  pits,  with  buckets  hanging  to 
their  ropes.  If  the  ore  fhould  lye  too  deep  for 
one  fhaft,  an  horizontal  gallery  is  made,  at  the 
end  of  which  another  is  funk  ; and  fo  on,  till  they 
reach  the  bottom.  Sometimes  too  they  work 
the  mine  laterally  or  through  the  fides  of  the  gal- 
lery, if  the  ore  be  found  in  fufficient  quantity  at 
that  depth.  The  mines  fhould  be  well  propped 
and  fecured  with  beams  of  timber,  to  prevent 
their  falling  in. 

The  two  great  obflacles  to  the  working  of 
mines  are  noxious  airs,  and  water.  To  obtain 
pure  air,  air-holes  are  pierced  from  top  to  bot- 
tom ; or  if  this  cannot  be  conveniently  done, 
other  methods  are  relorted  to,  fuch  as  kindling 
fires  above  fome  of  the  pits,  which  rarify  the  air, 
and  fo  produce  a more  free  circulation.  But 
great  care  mull  be  taken  to  place  the  fires  fo  as 
there  fhall  no  danger  of  their  difengaging  the  va- 
pours of  fixed  and  inflammable  air  often,  found  in 
mines.  To  remedy  the  inconvenience  arifing 
from  water,  outlets  are  made,  where  the  level  of 
the  ground  will  admit : and  hence  appears  one 
great  advantage  of  having  the  mine  on  the  lide 
of  a mountain.  Should  this  method  not  anfwer 
for  carrying  off  the  whole  water,  it  is  raffed  by 
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pumps  or  mofl  generally  by  the  fleam-engine  to 
fuch  a level,  that  an  outlet  can  be  obtained. 

The  number  of  metals  already  difcovered  are  2 1. 
They  are  found  in  one  or  other  of  four  different 
flates : firfl,  native  or  pure,  in  their  metallic 
flate,  either  alone  or  combined  with  each  other : 
fecondly,  mineralized,  or  combined  with  fulphur 
or  arfenic,  fo  as  not  to  poflefs  their  properties, 
till  feparated  from  thefe : thirdly,  in  the  flate  of 
calces : fourthly,  combined  with  acids. 

The  general  method  of  effaying  ores,  in  the 
dry  way,  is  firfl  to  reduce  them  to  a very  fine 
powder,  which  is  bell  done  by  expofing  them  to 
a very  flrong  heat,  and  then  throwing  them  into 
cold  water.  This  fudden  tranfition  makes  them 
crack  and  fall  to  pieces,  after  which  they  are 
more  eafily  pounded  : fecondly,  the  lighter  parts 
of  this  powder  are  wafhed  away  from  the  reft  in 
fhallow  troughs,  by  agitating  and  ftirring  the  wa- 
ter, and  then  pouring  it  off  before  they  have  had 
time  to  fubfide;  thirdly,  the  volatile  parts  are 
driven  off  by  roafting;  Fourthly,  the  ores  are  then 
melted  in  furnaces  with  charcoal,  fait  of  borax, 
alkalies,  and  other  fubflances  which  are  apt  to 
run  into  glafs,  while  the  metal  in  a melted  flate 
falls  to  the  bottom.  In  this  kill  procefs,  which 
is  called  Smelting , the  metal,  which  in  the  ore  is 
generally  calx,  becomes  reduced  or  revived  into 
the  metallic  flate.  For  it  either  receives  phlogis- 
ton from  the  more  combuilible  matters,  or,  ac- 
cording to  the  new  theory,  gives  out  to  them  its 
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vital  air  ; the  glaffy  fcum  which  floats  on  the  fur- 
face,  ferving  at  the  fame  time  to  prevent  all  com- 
munication with  the  outward  air,  by  which  means 
the  procefs  of  redu&ion  fucceeds  better.  They 
are  fometimes  effayed  in  the  humid  way  by  the 
three  principal  acids,  Sulphuric,  Nitrous  and  Ma- 
rine. Thus  if  upon  ioo  parts  red  filver  ore, 
500  of  nitrous  acid,  previoufly  diluted,  be  pour- 
ed ; and,  when  no  more  can  be  diffolved  even 
with  the  affiflance  of  a gentle  heat,  the  folution 
be  decanted  off,  it  is  found  to  contain  above  60 
parts  in  100  calx  of  filver.  And  if  the  refidue 
be  treated  with  ftrong  marine  acid,  part  of  it,  to 
the  amount  of  more  than  2 1 parts,  calx  of  anti- 
mony, is  diffolved  : the  remainder  is  found  to  be 
fulphur.  By  fimilar  proceffes  other  ores  may  be 
analyzed  : as  tin  mineralyzed  with  fulphur,  by 
Aqua  Regia,  See.  &c.  &c. 

Metals  are  divided  into  perfeft  and  imperfeft. 
Perfeft  metals  are  fucli  as  undergo  no  lading 
change  of  their  properties  by  the  heat  of  common 
furnaces.  Thefe  are  gold,  filver,  and  platina. 
Imperfett  metals  are  thofe,  -which  by  ftrong  heat 
of  fire  are  calcined  : this  is  the  cafe  with  all  except 
thofe  three. 

There  is  another  divifion  fometimes  made  of 
them  into  metals  and  femi-metals : the  former 
being  thofe  which  are  malleable,  the  latter  not 
fo  or  in  a very  flight  degree.  Mercury  or  quick- 
iilver  is  by  fome  chemifts  reckoned  among  the 
former  kind,  by  others  among  the  latter.  It  matters 
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but  little,  for  this  lah  divifion  is  at  prefent  feldom 
adopted. 

Metals,  gold  excepted,  are  altered  by  the  air, 
and  generally  in  proportion  to  its  moifture : the 
effect  is,  that  their  furfaces  are  tarnifhed  and  co- 
vered with  ruh,  which  was  formerly  called  the 
earth  of  the  metal,  but  properly  fpeaking  it  its 
calx.  The  acids  combine  hrongly  writh  them, 
but  will  not  dih'olve  them  unlefs  calcined  by  the 
acid  itfelf,  or  prefented  to  it  in  that  hate.  This 
is  proved  from  fome  of  them  being  infoluble  in 
acids  in  the  metallic  hate,  yet  foluble  by  the  fame 
acids  in  the  hate  of  calces. 

If  to  the  folution  of  a metal  in  an  acid  an  alkali 
be  added,  the  metal  is  precipitated  in  the  form  of 
a calx : but  if  inhead  of  the  alkali  another  me- 
tal be  added,  to  which  the  acid  has  a hronger  at- 
traction than  to  the  firh,  the  firh  is  precipated  in 
its  metallic  hate.  The  reafon  of  this  lah  appear- 
ance is,  that  the  new  metal  being  more  hrongly 
attracted  by  the  acid,  and  therefore  calcined  ra- 
ther than  the  other,  it  either  parts  with  its 
phlogihon,  or  takes  up  the  vital  air  from  the  calx, 
and  while  it  thus  revives  this  calx,  becomes  itfelf 
calcined.  The  appearance  here  hated  is  not 
univerfal.  Sometimes  a metal  precipitates  another 
in  the  metallic  hate  with  one  acid,  fometimes  as 
a calx  with  another,  and  fometimes  not  at  all  from 
a third. 

Metals  mix  with  each  other  in  a hate  of  fufion; 
the  mixture  is  fometimes  called  in  general  an 
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alloy ; but  this  name  is  mofl  particularly  applied 
to  exprefs  a portion  of  bafer  metal,  fuch  as  cop- 
per, tin  &c.  mixed  with  the  precious  metals, 
gold  or  filver.  Metals,  which  melt  nearly  with 
the  fame  degree  of  heat,  may  for  that  reafon  be 
blended  together  in  various  proportions  of  weight, 
but  this  is  nothing  more  than  a mixture : chemi- 
cal combination  takes  place  only  w'hen  they  are 
in  one  certain  proportion.  For  inftance  gold 
does  not  chemically  unite  with  filver,  unlefs  when 
its  weight  is  to  the  weight  of  filver  as  five  to  one. 
There  are  fome  metals,  whofe  parts  readily 
unite  with  each  other,  and  with  thofe  of  other 
metals.  Many  more  do  fo  with  great  difficul- 
ty, and  fome  in  no  degree.  Upon  thefe  pro- 
perties is  founded  the  ufeful  art  of  foldering 
which  confifts  in  joining  two  pieces  of  metal 
together  by  means  of  a thin  plate  of  fome  other 
which  is  applied  to  each  of  them  in  a melted 
ftate,  and  more  eafily  combines  with  them  than 
they  can  be  made  to  do  with  each  other.  Thus 
tin  is  a folder  for  lead,  and  copper  for  iron. 
Metals  are  the  bell  conductors  of  heat.  By  their 
opacity  as  well  as  fplendour  they  are  well  calcu- 
lated for  reflecting  light.  Their  ufes  are  too  many 
and  various  to  be  here  enumerated.  It  is  fufficient 
to  obferve,  that  they  are  the  principal  inftruments 
and  objeCts  in  arts,  manufactures,  and  practical 
faiences. 
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Of  Gold. 


Gold  is  the  mod  perfect  and  valuable  metal 
yet  known ; of  a reddilh  colour,  without  fenfible 
tafte  or  fmell.  It  is  one  of  the  heaviefl  bodies  in 
nature,  its  fpecific  gravity  being  more  than  nine- 
teen times  greater  than  that  of  water.  Gold  is 
but  moderately  hard  and  elaftic,  very  malleable, 
and  extremely  duftile,  or  capable  of  being  drawn 
out  into  length  without  a fenfible  reparation  of 
its  parts.  Its  great  malleablenefs  appears  from  the 
art  of  making  gold-leaf : which  is  done  by  ham- 
mering thin  plates  of  gold  between  fine  ikins  or 
membranes,  fuch  as  ox  gut.  From  a calculation 
of  the  weight  and  meafure  of  the  beffc  leaf,  it  is 
found  that  one  grain  is  made  to  cover  more  than 
fifty-fix  fquare  inches,  and  its  thicknefs  to  be  about 
the  two  hundred  and  eighty  thoufandth  part  of 
an  inch : in  this  flate  it  is  tranfparent,  tranfinit- 
ting  light  of  a lively  green.  But  its  duflility  in 
wire-drawing  is  more  furprifing.  If  a piece  of 
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filver  be  covered  over  vrith  gold,  and  drawn  into 
wire  by  forcing  it  to  pafs  through  holes,  con- 
tinually ledening  in  fize,  till  it  becomes  fo  (lender 
as  to  be  fit  for  making  lace,  the  gold  covering 
adheres  to  the  filver  through  the  whole  procefs, 
fo  as  completely  to  gild  it  in  the  lad  lfate.  This 
covering  is  but  one-twelfth  part  fo  thick  as  the 
gold-leaf  before  mentioned  : one  ounce  of  gold 
can  be  made  to  cover  a filver  wire  1300  miles  in 
length  ; in  which  date  it  is  in  thicknefs  about  the 
three  millionth  part  of  an  inch.  Probably  it  may 
be  owing  to  the  fame  property  that  gold  is  fo 
tenacious,  that  a wire  of  it  one-tenth  of  an  inch 
in  diameter  can  fupport  a weight  of  five  hundred 
pounds  without  being  broken. 

Gold  is  found  for  the  mod  part  in  a native  or 
metallic  date,  although  generally  alloyed  in  this 
date  with  filver,  copper,  iron,  or  all  three.  It  is 
fometimes  found  in  the  finds  of  rivers,  in  the  form 
of  grains,  at  others  in  didinft  lumps.  In  a moun- 
tain of  the  county  of  Wicklow,  in  Ireland,  one 
Jump  was  found,  which  weighed  upwards  of  two 
ounces,  of  very  pure  gold.  From  South  America 
the  greated  quantity  is  brought  to  Europe : fome 
is  imported  from  the  Ead  Indies  and  China,  and 
fome  from  the  coalt  of  Africa.  The  chief  Euro- 
pean mines  are  in  Hungary. 

When  gold  is  found  in  finds,  it  can  be  ob- 
tained by  limply  walhiug  the  fands,  for  the  lighter 
foreign  fubilanees  remain  fufpended,  and  are  car- 
ried off  with  the  water,  while  the  heavy  particles 
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of  gold  fink  to  the  bottom.  But  when  it  is 
bedded  in  earths  or  (tones , the  ore  is  pounded  in 
the  (tamping  mill,  and  then  waffied  : after  which 
it  is  boiled  in  water,  with  about  one-tenth  of  it’s 
weight  of  quickfilver — in  fome  time  the  quickfilver 
foaks  up  the  gold,  and  the  water  being  poured 
off  carries  away  all  the  earthy  particles — the 
mixture  of  gold  and  quickfilver  is  then  (trained 
and  preffed  through  leather : this  feparates  them 
in  a confiderable  degree ; for  the  latter  runs 
through,  and  the  former  remains  behind.  Any 
more  quickfilver  which  is  united  to  the  gold,  may 
be  carried  off  by  diftillation,  as  being  much  more 
volatile  ; and  the  pure  gold  in  a melted  form  may 
be  run  into  bars,  or  ingots. — Thefe  procelfes  are 
called  purification. 

If  gold  be  alloyed  with  filver,  it  is  purified  by 
a procefs  fometimes  called  parting , and  fometimes 
quartation : this  lalt  name  is  given  on  account  of 
the  proportion  of  materials  employed  ; three  parts 
of  filver  being  added  to  the  alloy,  which  of  courfc 
makes  a fourth  part  of  the  mixture.  They  are 
melted  together,  and  flowers  of  fulphur  thrown 
in  : the  fulphur  combines  with  the  filver,  forming 
a dry  black  fcum  upon  the  furfacc ; and  the  gold, 
with  which  the  fulphur  has  but  little  affinity,  fall > 
to  the  bottom.  In  the  humid  way  gold  is  purified 
from  filver  by  the  nitrous  acid,  which  rapidly  dif- 
folves  filver,  but  has  very  little  a&ion  upon  gold. 
— This  lad  method  is  frequently  ufed  as  a tell,  to 
effiay  the  purity  of  gold. 
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Another  method  of  effaying  gold  is,  by  the 
touch-needles , or  fmall  bars  of  gold  differently 
alloyed. — The  gold  to  be  tried  is  rubbed  upon  a 
fine  black  ftone,  and  the  colour  of  its  ftroke  is 
compared  with  tliofe  made  upon  the  fame  ftone 
with  the  touch-needles ; whofe  compofition  or 
alloy  being  known,  they  indicate  the  alloy  of  the 
gold  under  trial  ; and  it  is  faid  to  be  of  the  alloy 
of  that  needle,  whofe  ftroke  it  moft  refembles. 
But  left  this  refemblance  fhould  deceive,  in  being 
merely  an  imitation  of  colour,  a little  nitrous  acid 
is  poured  on,  which  will  diftolve  the  ftroke  of  the 
metal  on  trial,  more  or  lefs,  according  to  the  quan- 
tity of  bafer  metal  mixed  with  pure  gold. 

If  gold  be  alloyed  with  any  of  the  imperfect 
metals,  as  copper,  lead,  &c.  it  is  purified  by  the 
procefs  called  cupellation , in  the  following  manner  : 
the  alloyed  gold  is  put  with  about  twice  its  weight 
of  filver,  and  fome  lead,  into  a crucible  made  of  a 
very  porous  fubftancc,  luch  as  bones,  and  called  a 
cupel — they  are  all  expofed  to  a conliderable  heat, 
which  vitrifies  the  lead,  or  converts  it  into  a kind 
of  glafs,  enabling  it  likewife  to  form  the  fame  kind 
of  fubftance  with  the  imperfect  metals  in  the 
alloy. — This  glafiy  fluid  loaks  into  the  pores  of 
the  cupel,  while  the  remaining  mixture  of  gold 
and  filver  remains  behind  in  the  veffel  : the  filver 
is  then  feparated  from  the  gold  as  before,  by 
parting. — It  fhould  be  obferved,  th^t  every  alloy 
of  gold  is  fuppofcd  to  be  divided  into  twenty-four 
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parts,  called  carats , and  that  the  purity  of  gold  is 
eftimated  according  to  the  number  of  thofe  parts, 
which  it  makes  up. 

Gold  does  not  fuffer  fenfible  alteration  from  air  ; 
neither  is  it  changed  in  its  properties  by  the  fire 
of  furnaces,  but  when  cool  refumes  its  former 
(late — it  is,  however,  calcined  by  a flrong  burning 
lens,  and  is  fo  far  volatilized,  that  the  vapour, 
which  it  difcharges,  is  capable  of  gilding  filver. 
In  the  metallic  ffate  it  does  not  unite  with  any  of 
the  earths,  or  falts ; but  in  the  ffate  of  a calx  it 
unites  with  flint,  or  glafs,  to  which  it  imparts  a 
purple  colour. — The  beffc  means  of  calcining  and 
folving  gold,  is  with  aqua  regia — the  folution  is 
made  with  an  effervefcence,  and  is  of  a yellow 
colour,  confiderably  cauflic,  tinges  animal  fub- 
flances  with  a deep  purple,  and  when  carefully 
evaporated,  yields  fine  golden  cryflals  refembling 
topazes. 

This  folution  of  gold  in  aqua  regia,  is  decom- 
pofed  by  the  addition  of  lime,  or  magnefia ; which 
by  their  greater  affinity  to  the  acid,  precipitates 
the  gold  in  the  form  of  a yellow  powder — by  the 
fixed  alkalies  in  the  fame  form,  unlefs  the  alkali 
be  in  too  great  quantity,  for  it  then  re-drflblves 
the  powder. — I’he  precipitate  from  fixed  alkali  is 
a true  calx,  capable  of  being  diffolved  by  the 
vitriolic,  nitrous,  and  marine  acids,  although  gold 
in  it’s  metallic  hate  is  not  fenfiblv  aflefted  by 
them. — Volatile  alkali  precipitates  from  the  folu- 
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tion  of  gold,  a powder  called  fulminating  gold  ; 
which  explodes  with  a very  flight  degree  of  heat, 
and  even  with  fri&ion.  If  this  powder  be  ex- 
pofed  to  a gentle  heat,  brilliant  fparks  fly  ofl 
before  it  explodes ; the  eleCtric  fpark  makes  it 
detonate,  but  a Angle  fpark  of  common  fire  will 
not  kindle  it,  unlefs  flirred.  After  exploiion  part 
of  the  gold  is  found  in  the  fiate  of  a calx,  and 
part  in  the  metallic  form  ; whence  it  fhould  feem, 
that  it  contained  fome  combuftible  matter,  pro- 
bably an  alkaline  gas  ; which  either  by  lofing 
phlogifton,  or  attracting  vital  air,  produced  the 
partial  calcination.  So  great  is  the  force  of  ful- 
minating gold,  that  when  it  is  kindled  upon  a 
plate  of  metal,  as  upon  lead,  tin,  or  filver,  it 
flrikes  a hole  through  the  plate  : but  it  will  not 
explode  in  clofe  veflels. 

Gold  is  precipitated  from  its  folution  by  mod 
inetals.  If  tin  be  added,  it  feparates  the  gold  in 
the  form  of  a fine  powder,  called  purple  precipitate 
of  Ca/fius,  which  is  much  ufed  in  painting  Por- 
celain, and  enamel — it  is  befi:  obtained  by  dif- 
folving  tin  in  a diluted  aqua  regia,  compofed  of 
two  parts  of  nitrous,  and  one  of  marine  acid,  very 
{lowly  and  without  heat ; and  then  by  adding  to 
this  folution  diluted  with  about  one  hundred  times 
its  weight  of  water,  a folution  of  pure  gold  in 
three  parts  of  nitrous,  and  one  of  marine  acids : 
the  precipitate  is  a combination  of  the  calces  of 
gold  and  tin. — Lead  and  filver  precipitate  gold 
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from  it’s  folution,  in  a deep  purple  powder  : cop- 
per and  iron  feparate  the  gold  in  its  metallic 
brilliancy. — Certain  inflammable  fubftances  alfo 
revive  it  in  the  metallic  ftate  ; as  eflential  oils, 
ether,  and  others,  which  form  with  it  liquors 
oalled  potable  gold.  — The  eflential  oils  hold  it 
fufpended  for  a while,  after  which  it  fettles  on  the 
fides  of  the  veflel — the  oil  Hill  retaining  a bright 
yellow  colour ; which,  however,  is  not  owing  to 
any  mixture  of  the  gold,  but  to  the  aCtion  of  the 
acid  upon  the  oil. — Ether,  by  its  a&ion,  abforbs 
the  whole  gold  from  the  folution : and  having  no 
effeft  upon  any  other  metal,  feems  to  be  one  of 
the  bed  tefls  for  difcovering  the  prefence  of  gold. 
Martial,  or  green  vitriol,  precipitates  gold  from 
its  folution  in  the  greatefl:  purity. 

Gold  combines  with  the  greatefl:  part  of  the  me- 
tals : with  copper,  which  hardens  and  fo  renders  it 
much  fitter  for  feveral  ufes,  as  for  inftance  coin : — 
with  iron,  of  which  it  takes  up  many  times  its  own 
weight,  and  forms  a compound  metal  fuperior  even 
to  fteel  for  cutting  inftruments : — with  zinc,  com- 
pofing  a metal  of  a fine  grain,  well  fuited  to  form 
the  mirrors  of  reflecting  telefcopes : — with  quick- 
lilver  in  particular,  forming  with  it  mixtures 
called  amalgams , which,  among  other  purpofes, 
are  employed  in  gilding  metals,  in  the  following- 
manner — the  plate  of  metal  to  be  gilded,  being 
well  cleaned  and  polilhed,  is  immerfed  into  a 
weak  folution  of  quickfilver  in  fome  of  the  acids ; 

the 


126 


GOLD. 


the  quickfilver  precipitates,  and  covers  the  plate 
with  a thin  coating.  An  amalgam  of  gold  and 
quickfilver  is  then  fpread  with  a brufli  over  this 
coating,  to  which  it  clofely  adheres : the  plate  is 
heated,  and  the  mercury  driven  off  in  vapour, 
leaving  the  gold  adhering  to  the  plate,  which  is 
then  burnidied. — This  method  is  called  water 
gilding , and  fometimes  gilding  in  or  tnolu . 

Another  manner  of  gilding  is,  by  means  of 
gold  leaf,  which  is  fpread  upon  wood  that  has 
been  previoufly  fmeared  over  with  oil  or  fize.  A 
third  way  is,  by  deeping  linen  rags  in  a folution 
of  gold,  then  drying  and  burning  the  rags  : after 
which  the  end  of  a moidened  cork  is  dipped  in 
the  burnt  matter  mixed  with  clean  wood-aflies, 
and  is  rubbed  upon  the  metal  to  be  gilded,  which 
is  for  the  mod  part  diver.  Porcelain,  glafs,  and 
enamel,  are  gilt  by  means  of  gold  powder  mixed 
with  diffolved  gum  arabic,  or  oil,  with  a little 
borax  : this  mixture  being  laid  on  with  a pencil, 
the  fubdances  on  which  it  is  laid  are  placed  in  a 
furnace  or  oven,  where  by  a proper  degree  of 
heat  it  is  burned  in  : the  powder  may  be  obtained 
in  various  ways ; one  of  which  is,  by  precipitating 
gold  from  its  folution  in  the  metallic  date,  as  by 
adding  copper. 

Bedde  the  ufes  already  mentioned,  to  which 
gold  may  be  applied,  either  by  itfelf,  or  in 
combination  with  the  different  metals,  and  other 
fubdances,  a multitude  of  beautiful  utenfils  and 
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ornaments  are  compofed  of  it  — but  its  chief  ufe 
is,  to  ferve  as  a coin,  of  all  which  it  is  far 
the  mod  valuable,  on  account  of  its  fcarcity, 
weight,  and  untarnilhed  brilliancy. — The  gold 
coins  of  Great  Britain  confift  of  eleven  parts 
gold,  and  one  copper  : they  are,  therefore,  gold 
of  twenty-two  carats. 


CHAP. 
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Of  Silver . 


on  ^VER  is  a perfeft  metal,  of  a white  and  bril- 
liant appearance,  without  fenfible  tade  or  finell, 
of  moderate  fpecific  gravity,  being  about  io§ 
times  heavier  than  water.  It  is  malleable  in  the 
next  degree  to  gold,  capable  of  being  beat  out 
into  leaf  thinner  than  the  fined  paper,  one  grain 
covering  above  50  fquare  inches : and  fo  ductile 
as  to  be  drawn  out  into  wire,  whofe  diameter  is 
fmaller  than  the  fined  hair,  the  wire  for  adrono- 
mical  purpofes  being  about  the  750th  part  of  an 
inch  in  thicknefs : its  tenacity  is  fuch,  that  a 
thread  of  it  one  tenth  of  an  inch  can  fupport  a 
weight  of  270  pounds  without  breaking.  It  is 
pretty  hard  and  eladic,  and  is  the  mod  founding  of 
all  metals,  copper  excepted. 

Silver  is  found  in  feveral  dates  in  nature,  id. 
native,  didinguilhed  eafily  by  its  brilliancy.  This 
is  often  in  irregular  mafles  of  different  fizes,  foine- 
times  in  the  form  of  fine  twided  threads,  at  others 
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refembling  net  work,  and  again  in  dendrites  or 
the  appearance  of  leaves : the  ores  in  the  rich 
mines  of  Potofi  are  of  this  kind.  The  native  fil- 
ver  is  for  the  mod;  part  difperfed  in  beds  of  quartz 
or  flony  earths,  and  alloyed  with  fome  other 
metal,  frequently  gold  or  arfenic.  2dly,  The  vi- 
treous ore  of  filver,  which  is  formed  of  filver  and 
fulphur : This  is  found  in  the  mines  of  Germany 
and  Hungary,  is  of  a darkifh  grey  colour  refem- 
bling lead  and  is  foft  enough  to  be  cut  with  a 
knife.  It  yields  from  70  to  80  pounds  of  filver 
in  a hundred  weight.  3<dly,  Calciform  or  red  fil- 
ver  ore,  fometimes  in  maffes,  fometimes  difperfed 
through  other  minerals.  Its  colour  is  a dark  red, 
and  its  luftre  metallic  ; when  broken,  the  appear- 
ance is  that  of  fmall  needles  converging  to  a point. 
This  ore  yields  about  60  pounds  of  filver  in  the 
hundred  weight.  qthly,  The  horn  ore,  or  the 
combination  of  filver  calx  with  marine  acid.  It  is 
fometimes  nearly  in  powder,  fometimes  cryftalliz- 
ed  in  cubes,  its  colours  are  various,  and  when  ex- 
pofed  to  the  light  it  becomes  brown.  The  fe- 
veral  fpecies  of  thefe  ores  contain  other  metallic 
matters,  as  cobalt,  nickel,  copper,  and  antimony: 
that,  which  contains  the  laft  kind,  is  called  the 
plumed  ore  of  filver.  Silver  is  likewife  found, 

though  in  fmall  quantities,  in  ores  of  lead,  tin, 
copper  &c.  &c. 

Silver  ores  are  efiayed  in  the  humid  way  by 
the  acids ; of  which  an  inftance  was  given  in  a 
former  chapter.  In  the  dry  way,  the  procefs  is 
pretty  much  the  fame  with  the  manner  of  ex- 
tracting 
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tracing  filver  from  its  ores  in  the  large  works  as 
follows. 

Native  Ores  of  Silver  are  triturated  or  ground 
very  fmall  with  quick-filver  which  diflolves  and 
combines  with  the  filver,  without  touching  the 
earthy  fubflances.  The  amalgam  or  mixture  is 
then  wafhed,  to  feparate  any  foreign  matters 
from  it,  and  is  afterwards  {trained  and  prefled 
through  leather : it  may  be  further  purified  by 
diflillation,  as  was  done  with  gold.  The  filver 
is  melted  into  bars  or  ingots. 

Sulphureous  Ores  of  Silver  are  roafted,  and  then 
melted  with  lead,  borax,  or  fome  other  flux,  to 
aflift  their  fufion.  By  the  firft  operation  the  ful- 
phur  is  ditiven  off,  and  by  the  fecond  the  filver  is 
obtained,  though  for  the  molt  part  alloyed  with 
the  imperfect  metals,  lead,  copper,  iron,  &c. 
Thefe  are  afterwards  feparated  by  cupellation,  of 
which  an  account  has  been  already  given.  As 
the  refining  of  the  filver  goes  on  in  this  procefs, 
the  metal  becomes  more  and  more  brilliant,  till 
at  lafl  it  exhibits  a flafli,  at  which  moment  the  re- 
fining is  known  to  be  completed,  and  the  procefs 
is  flopped.  The  filver  is  then  free  from  the  im- 
perfect metals,  but  may  contain  gold.  If  this  be 
the  cafe,  the  perfect  metals  may  be  feparated  by 
parting,  as  mentioned  before.  Sometimes  filver 
is  feparated  from  the  copper  combined  in  its  ore, 
by  melting  the  alloy  with  lead,  which  unites 
and  flows  off  with  the  filver  leaving  the  copper 
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behind.  Poor  Ores  of  Silver  are  fufed,  without 
any  previous  roafting,  along  with  a certain  quan- 
tity of  pyrites,  and  afterwards  undergo  cupellation 
with  lead. 

Silver  firffers  no  fenfible  change  from  the  at- 
mofphere,  nor  from  the  a&ion  of  water ; but 
when  expofed  to  animal  exhalations  is  covered 
over  with  a cruft  which  is  found  to  confift  in  part 
of  fulphur;  a fubftance  probably  contained  in 
that  noxious  air  that  is  difcharged  from  the 
lungs. 

Silver,  though  not  altered  by  the  heat  of 
common  furnaces,  is  calcined  by  a burning 
Lens;  and  in  the  twentieth  fufion  with  the 
heat  of  a porcelain  furnace  it  was  vitrified  by 
M.  Macquer,  and  a glafs  of  a greenifh  colour 
obtained. 

Sulphuric  acid  will  not  diflolve  filver ; unlefs 
the  acid  be  concentrated  and  boiling,  and  the  fil- 
ver divided  into  very  fmall  parts  : neither  will  the 
marine,  unlefs  it  be  dephlogifticated.  But  the 
nitrous  acid  diflolves  it  with  great  rapidity,  even 
without  the  aftiftance  of  heat : and  if  the  filver  be 
pure,  the  acid  lofes  its  blue  or  green  colour,  and 
becomes  tranfparent.  When  any  gold  is  contained 
in  the  mafs,  it  is  feparated  in  a kind  of  fmall  flocks, 
which  collect  at  the  bottom.  The  nitrous  acid 
diflolves  more  than  half  its  weight  of  filver.  This 
folution  corrodes  the  flefh  of  animals,  and  ftains 
vegetable  matters  as  well  as  feveral  kinds  of  ftones, 
alfo  hair,  bones,  and  other  animal  matters.  It  is 
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fometimes  ufed  to  mark  linen  for  the  bleach 
field ; and  the  procefs  of  bleaching  encreafes  the 
ftrength  of  the  colour ; which  is  owing  to  the 
aftion  of  the  fun’s  light  upon  the  metal  in  the 
acid  ; for  if  any  part  remain  in  the  fhade,  it  be- 
comes colourlefs.  If  this  folution  be  evaporated, 
it  yields  flat  cryftals,  called  Nitre  of  Silver , or 
Lunar  Nitre : which  placed  upon  a burning  coal, 
detonates,  and  leaves  a white  powder  that  is  pure 
filver. 

Nitrous  Solution  of  Silver  is  decompofed  by 
lime  and  the  alkalies : and  alfo  by  the  fulphuric 
and  marine  acids,  notwithftanding  the  great  dif- 
ficulty with  which  they  combine  with  filver.  By 
means  of  the  flronger  affinity  of  thefc,  nitrous 
acid  can  be  purified  from  them,  by  pouring  into 
it  fome  nitrous  folution  ; the  filver  feizes  upon  the 
fulphuric  or  marine  acids,  and  precipitates  with 
them  to  the  bottom,  leaving  the  nitrous  acid  pure. 
Hie  folution  is  likewife  a tell  of  tliefe  acids  in  wa- 
ters upon  the  fame  principle  ; and  a few  drops  of 
it  will  occafion  a cloud,  if  the  acids  exifl  in  them. 
The  precipitate,  formed  by  marine  acid  from  the 
nitrous  folution  of  filver,  is  called  Luna  Cornea , 
from  the  appearance  which  this  fait  has,  when 
fufed  on  a gentle  fire. 

A mixture  of  flrong  fulphuric  with  nitrous  acid 
diffiolves  filver,  yet  does  not  aft  upon  the  other 
metals.  This  is  an  ufeful  difeovery  for  all  cafes 
where  it  may  be  neceffiary  to  feparate  filver  from 
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thofe  metals ; for  indance  where  copper  is  plated, 
the  cuttings  that  remain,  and  pieces  otherwife  ufe- 
lefs  may  be  thus  turned  to  conhderable  advan- 
tage. 

If  to  the  nitrous  folution  of  filverbe  added  fome 
lime  water,  the  metal  is  precipitated  in  the  form 
of  a calx  ; which  mixed  and  agitated  with  vola- 
tile alkali,  and  afterwards  dried,  is  the  powder 
called  Fulminating  Silver.  The  properties  of  this 
powder  are  aftonifhing,  it  fulminates  without 
heat  or  even  fri&ion,  and  merely  with  the  touch 
of  any  other  fubftance.  Not  more  than  a grain 
will  admit  an  experiment  without  danger ; and 
even  that  quantity  mud  be  approached  with  the 
face  malted,  and  the  eyes  guarded  by  Hrong 
glades. 

Mod  metallic  fubftances  decompofe  the  nitrous 
folution  of  filver.  Quickfilver  feparates  the  filver 
in  its  metallic  Hate ; the  precipitation  is  made 
very  ilowdy,  during  fome  weeks,  exhibiting  at  Iaft 
a curious  and  beautiful  arrangement  called  Arbor 
Diana  or  the  Tree  of  Diana.  This  is  nothing 
more  than  a cryHallized  amalgam.  Copper  like- 
wife  precipitates  filver  in  the  metallic  Hate : one 
part  of  the  former  will  precipitate  three  parts  of 
the  latter  in  a pure  Hate,  yet  with  a very  fmall 
portion  of  copper  mixed  with  it,  an  effeft  figiilar 
to  what  happens  in  mod  precipitations. 

Silver  is  not  altered  by  the  a&ion  of  the  neutral 
lalts,  as  nitre.  And  hence  we  arc  furnilhed  with 
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a method  of  purifying  it  from  the  imperfect  me- 
tals, which  happen  to  be  united  with  it,  viz. 
by  lufing  the  alloy  in  conjunction  with  nitre  : 
for  the  nitre  detonates,  and  calcines  the  imper- 
fect metals,  while  the  filver  is  found  at  the 
bottom  freed  from  them,  and  much  purer  than 
before. 

Silver  is  a<fled  upon  by  combuflible  matters, 
as  by  fulphur,  which  combines  with  it,  and 
forms  a true  artificial  ore.  It  is  tarnifhed  by  in- 
flammable fubftances,  as  appeared  already  from 
the  fulphureous  cruit  found  on  its  furface.  It 
unites  alfo  with  arfenic  and  antimony,  compofing 
with  each  of  them  a brittle  alloy.  We  have 
feen  before,  that  it  is  often  united  in  nature 
with  gold,  copper,  and  other  metals : fimilar 
combinations  can  be  efle&ed  by  fufing  them 
together.  But  quickfilver  diflolves  it  completely 
even  in  the  cold,  and  becomes  in  fome  meafure 
fixed  by  this  combination.  Tin  deprives  filver 
of  its  du&ility,  and  lead  renders  it  more  fulible, 
lefs  founding  and  hard. 

Silver  is  of  various  ufes,  it  ferves  as  a beauti- 
ful ornament  by  its  brilliancy ; as  an  ufeful  coin 
by  its  fplendour  and  hardnefs ; as  applied  upon 
the  furface  of  different  bodies  by  way  of  plating, 
for  infiance  copper,  which  can  be  covered  by 
an  amalgam  of  filver  in  the  fame  manner,  that 
it  is  gilded,  as  was  flievvn  in  the  lafi  chapter. 
Stuffs  are  wrought,  and  lace  made  with  this 
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metal : it  forms  a great  variety  of  veflels  and 
utenfils ; table  filver  is  generally  alloyed  with  one 
twenty  fourth  part  of  copper,  and  coin  with 
about  one  twelfth. 


CHAP. 


CHAP.  IV. 


Of  Platina. 


I LATINA  is  a perfeft  metal,  heavier  than  all 
others,  having  a fpecific  gravity  twenty- two  times 
that  of  water  ; of  a whitifh  appearance,  between 
thofe  of  lead  and  filver,  and  without  tade  or 
fmell.  It  is  malleable  in  a pure  date,  and  dutdile ; 
but  to  what  degree  is  not  yet  known  : — a wire 
has  been  drawn  nearly  the  two  thoufandth  part  of 
an  inch  in  diameter,  dronger  than  one  of  gold  of 
the  fame  fize. 

Platina  is  generally  found  in  fmall  grains,  among 
the  gold  mines  of  Spanifh  America,  which  grains 
are  confiderably  malleable  ; but  when  a number 
of  them  are  collected  together,  they  can  hardly  be 
fo  perfectly  fufed  as  to  be  all  equally  malleable. 
It  cannot  be  melted  by  the  mod  violent  common 
fires ; but  may  be  fufed  by  the  heat  of  a burning 
lens,  or  the  dame  of  charcoal  urged  by  vital  air. 
When  pure,  its  parts  adhere  together  by  ham- 
mering in  a white  heat : a property  confined  to 
this  metal  and  iron. 
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Platina  is  not  altered  by  expofure  to  the  air  : 
a property  which  would  render  it  valuable  in  the 
conflru&ion  of  relieving  mirrors. — It  is  not  aided 
upon  by  the  fimple  acids,  but  is  diflolved  in  aqua 
regia  : the  folution  is  firlt  yellow,  and  afterwards 
a reddifh  brown,  cauflic,  and  tinges  animal  matters 
with  a dark  colour  : it  is  decompofed  by  fal-am- 
moniac,  and  precipitated  in  the  metallic  date. — 
Hence  a compound  folution  of  gold  and  platina  in 
aqua  regia  may  be  feparated,  by  adding  martial 
vitriol,  which  gives  the  former,  or  fal-ammoniac, 
which  gives  the  latter.  Metallic  fubftances  pre- 
cipitate platina  from  its  folution,  but  generally  in 
the  date  of  a calx. 

Platina  unites  with  mod  metals : but  thefe 

4 

combinations  having  hitherto  been  applied  to  little 
ufe,  it  will  not  be  neceflary  to  dwell  on  them  par- 
ticularly. 


CHAP. 
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Of  Copper, 


Copper  h an  imperfeft  metal,  of  a reddifh 

brown  and  Alining  colour,  a naufeous  talle,  and 
difagreeable  fmell  when  rubbed  or  heated  ; having 
near  nine  times  the  fpecific  gravity  of  water.  It 
is  hard,  fonorous,  and  malleable,  and  fo  du&ile 
and  tenacious,  that  a wire  one-tenth  of  an  inch  in 
diameter  is  able  to  fupport  near  three  hundred 
pounds  weight  without  breaking. 

Copper  is  fometimes  found  native,  yet  moflly 
impure  even  in  this  flate ; at  others  in  the  (late  of 
a calx,  united  with  other  fubftances. — The  chief 
kinds  are  as  follow  ; ores  which  contain  fulphur, 
among  which  are  the  vitreous  copper  ore,  of  a 
red,  brown,  blue,  or  violet  colour,  ufually  fo  foft 
as  to  be  cut  with  a knife.  The  grey  copper  ore 
is  a combination  of  fulphur  and  arfenic  with  cop- 
per, iron,  and  filver,  heavy  and  hard  to  be  melted. 
Blendofe,  or  brown  copper  ore,  hard,  folid,  and 
granulated,  contains  the  metal  with  fulphur,  arfe- 
nic, zinc,  and  iron. — Mountain  green  is  a calx  of 
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copper,  of  the  colour  of  verdigris : mountain  blue 
is  alfo  a calx  of  a deep  blue  colour,  contains  fome- 
times  a mixture  of  lime,  and  is  almoft  in  a ftate  of 
powder. — Some  Hates,  and  one  fpecies  of  coal, 
afford  copper  ; and  feveral  waters  contain  this 
metal  diffolved  in  acids. 

Copper  ores  are  treated  in  the  large  way,  much 
in  the  fame  manner  as  they  are  elfayed — the  ores 
are  pounded  and  wafhed ; after  which  they  are 
roafted  in  the  open  air  with  a little  fuel,  to  drive 
off  the  fulphur — the  remaining  impure  ore  is 
roafted  feveral  times,  till  at  lafl  black  copper, 
which  is  malleable,  is  obtained — with  this  is  fufed 
about  three  times  as  much  flrong  flux,  and  the 
mixture  is  moulded  into  what  are  called  loaves  of 
liquation,  which  being  placed  over  a fire,  the  lead 
contained  in  them  fufes,  and  carries  down  with  it 
the  precious  metals : — the  copper  remaining  be- 
hind is  again  fufed,  and  all  the  impure  matters 
feparated  in  the  form  of  a feum,  which  is  carefully 
removed.  In  the  great  Hungarian  mines,  the 
copper  is  expofed  to  the  fire  fourteen  times  before 
the  work  is  completed. 

In  the  Ifle  of  Anglefey  the  ore,  after  being 
roafted,  is  wafhed  in  water,  and  pieces  of  cold 
iron  are  alfo  thrown  into  it ; which  afford  fome 
fmall  quantity  of  copper,  in  addition  to  what  is 
procured  as  above. — The  changing  of  iron  into 
copper,  as  it  is  called,  is  nothing  more  than  this — 
mod  copper  ores  contain  fulphur,  whofe  acid 
uniting  with  the  copper  forms  blue  vitriol,  or 
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copperas : the  water,  which  iflues  from  the  mine, 
diflolves,  and  becomes  impregnated  with  this  fait ; 
but  this  fluid  having  a ftronger  attra&ion  to  iron 
than  to  copper,  when  a bar  of  the  former  is  put 
into  it,  the  copper  is  precipitated  from  the  folution 
into  the  place  of  the  iron,  which  is  diflolved. 
There  are  celebrated  copper  mines  near  Arklow, 
in  the  county  of  Wicklow,  whofe  waters  are  as 
profitable  as  the  ore.  Pits  are  made,  and  foft 
iron  bars  laid  in  the  water : the  iron  bars  are  feen 
covered  with  a thick  coat  of  copper,  into  which 
they  may  almofl  be  fa  id  to  be  changed,  and  a 
coppery  mud  is  found  in  the  bottom  of  the  pits. 
One  ton  of  iron  produces  near  two  tons  of  copper 
mud  ; and  each  ton  of  this,  when  melted,  yields 
about  fixteen  hundred  weight  of  copper,  which  is 
much  more  valuable  than  the  fame  weight  fluxed 
from  the  ore. — The  method  of  changing  iron  into 
copper,  was  accidentally  difeovered  at  thefe  mines 
by  a workman,  who  had  miflaid  his  (hovel,  but 
fome  weeks  after  found  it  in  the  copperas  urater, 
fo  encruflcd  with  copper,  that  the  metal  was 
thought  to  be  changed. 

Copper  is  found  in  many  other  parts  of  the 
world,  in  Spain,  France,  England,  Norway, 
Hungary,  Sweden,  and  elfewhere.  Japan  copper 
is  thought  purefl  of  any,  and  Swedilh  bed  for 
wire  drawing.  Paris  mountain,  in  the  ifle  of 
Anglefey,  contains  a bed  of  ore  forty  feet  thick, 
and  is  faid  to  produce  upwards  of  four  thoufand 
ions  of  copper  yearly. 
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If  copper  be  expofed  to  fire  of  a moderate 
heat,  the  polilhed  furface,  like  fteel,  puts  011  diffe- 
rent colours,  relcmbling  the  colours  of  the  Tain- 
bow,  red  where  moft  heated,  and  violet  where 
leaft.  It  does  not  melt,  till  it  has  been  for  fome 
time  red ; and  when  in  fufion  is  covered  with  a 
green  flame.  If  it  be  let  off  at  the  bottom  of  the 
veffel,  while  the  upper  furface  cools,  it  cryftal- 
lizes  on  the  fides  of  the  veffel.  This  metal, 
reduced  to  fine  powder,  and  thrown  acrol's  a 
flame,  gives  it  a blue  or  green  colour : it  is  011 
this  account  employed  in  fire-works. — The  calx 
of  copper  may  eafily  be  obtained,  by  heating  it’s 
furface  in  the  open  air,  and  then  hammering  it, 
or  quenching  it  red  hot  in  cold  water,  a calx  of  a 
blackifli  red  falls  off  in  the  form  of  feales,  called 
feales  of  copper. 

Copper  rufts  in  the  air : but  the  corroded  part 
is  very  thin,  and  ferves  to  proteft  the  reft  of  the 
metal  from  further  corrofion.  It  does  not  feera 
to  be  much  affe&ed  by  water,  unlefs  this  be  in  the 
ftate  of  vapour  ; and,  therefore,  it  is  much  more 
dangerous  to  let  liquors  cool  in  copper  veffels, 
than  to  boil  them.  In  the  latter  cafe,  the  vapour 
is  driven  off  by  the  force  of  heat,  but  in  the  for- 
mer, it  refts  upon  the  fides  of  the  veffels  and 
corrodes  them. 

All  the  acids  a<ft  upon  copper  : the  nitrous  acid 
rapidly,  and  without  the  afliftance  of  heat,  forming 
with  it  a metallic  fait. — If  this  fait  be  laid  upon 
tin  foil,  and  the  tin  foil  be  inftautly  folded  up, 
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nitrous  vapours  foon  ifliie  forth,  afterwards  the 
tin  crackles  and  flames,  and  is  reduced  to  a grey 
calx.  — Sulphuric  and  marine  acids  aft  upon 
copper,  when  they  are  concentrated  and  boiling. 
The  former  affords  blue  vitriol : but  the  vitriol 
fold  in  the  {hops  is  made  by  roafting  the  copper 
pyrites,  or  by  cementation,  that  is  heating  plates 
of  copper  in  layers  of  fulphur  ; in  both  cafes  the 
fulphuric  acid,  being  difengaged  by  fire,  afts  upon 
the  copper,  and  diflolves  it. — The  marine  acid 
forms  with  copper  a fait  of  a fine  green  colour, 
which  diftinguifhes  it  from  the  two  foregoing. — 
Acids  of  vegetables  alfo  diffolve  copper,  as  may 
be  feen  from  the  manner  of  making  verdigris, 
(which  is  a calx  of  copper)  as  follows — the  hufles 
of  grapes,  and  other  refufe,  which  remain  after 
prefling  the  juice,  are  fpread  upon  plates  of 
copper,  and  reduce  their  furface  to  a calx.  This 
is  afterwards  diflolved  in  vinegar  ; the  folution 
diftilled,  and  cryflals  obtained : it  is  ufed  as  a 
paint. 

Copper  unites  well  with  fulphur — if  equal  parts 
of  copper  filings  and  flowers  of  fulphur  be  heated 
red  hot  in  a crucible,  they  form  a coarfe  greyifli 
mafs,  which  is  more  fufible  and  brittle  than  copper 
itfelf : this  compofition  is  ufed  for  dyeing  and 
painting  Indian  fluffs. — Another  preparation  of 
copper  is  employed  to  colour  enamels : it  is  ob- 
tained by  throwing  fome  fine  copper  filings  upon 
nitre  in  fufion,  the  copper  being  hot ; a flight 
motion  attended  with  fiaihes  takes  place,  the 
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copper  is  calcined,  and  the  calx,  after  walking 
away  the  fixed  alkali,  fufes  into  a deep  green, 
which  it  imparts  to  the  enamel. 

Copper  combines  well  with  moll;  metals  : with 
arfenic  it  forms  white  tombac. — It  unites  with  tin ; 
as  appears  from  the  method  of  tinning  copper, 
which  {hall  be  mentioned  elfewhere  ; and  alfo 
from  the  compofition  of  thefe  two  metals  in  fufion, 
called  bronze , which  is  of  much  fervice  in  making 
cannon,  ftatues,  bells,  &c.  &c.  It  mull  be  ob- 
ferved,  however,  that  in  making  thefe,  portions  of 
lead,  zinc,  or  arfenic,  are  likewife  employed.  The 
union  of  tin  and  copper  compofes  excellent  fpe- 
culums  for  refle&ing  telefcopes  : about  half  the 
quantity  of  tin  in  fulion,  is  added  to  the  melted 
copper. — With  zinc  alone,  copper  forms  brafs  in 
the  following  manner— the  copper  is  reduced  to 
very  fmall  grains,  by  being  palled  in  a melting 
Hate  through  a perforated  plate  of  iron,  into  a pit 
dug  in  the  ground,  and  containing  cold  water, 
which  mull  conllantly  be  renewed,  but  llowly,  to 
prevent  an  explofion.  Thefe  fmall  grains  of  copper 
are  mixed  with  calamine,  which  is  the  calx  or  ore 
of  zinc,  and  expofed  with  charcoal  to  a red  heat 
in  a furnace  or  crucible  : when  the  mafs  is  heated 
to  a fulficient  degree,  the  vapour  of  the  reduced 
calamine,  or  zinc,  penetrates  the  copper,  and  con- 
verts it  into  brafs — toward  the  end  of  the  procefs 
the  heat  is  raifed,  and  the  brafs  being  melted  falls 
to  the  bottom.  Inllead  of  fmall  grains,  the  copper 
is  fometimes  applied  in  thin  plates,  which  are 
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cemented  in  calamine  and  charcoal.  Thefe  plates, 
when  changed  into  brafs,  are  called  Dutch  gold , 
and  are  hammered  out  into  leaves,  about  five  times 
as  thick  as  gold-leaf. — In  good  brafs  the  quantity 
of  zinc  is  about  one-third  of  its  weight. — Brafs  is 
free  from  feveral  inconveniericies  attending  copper  : 
it  is  more  fufible,  more  du&ile,  and  tenacious,  more 
eafily  manageable  with  heat,  and  lefs  apt  to  rufi 
by  the  action  of  air  and  moifture. — In  the  large 
works  forty-five  pounds  of  copper*,  and  fixty  of 
calamine,  yield  between  fixty  and  feventy  of 
brafs. 

Copper  unites  with  filver,  and  may  be  plated 
with  it  thus — upon  fmall  wedges  of  copper  thin 
plates  of  filver  are  applied,  and  bound  with  iron 
wire,  allowing  about  one  ounce  of  filver  for  twelve 
of  copper — a fmall  margin  is  left  at  the  edges, 
and  is  covered  with  borax  ; which  ferves,  when 
the  whole  is  expofed  to  a ftrong  heat,  both  to 
aiiifi:  the  melting  of  the  filver,  and  to  unite  it  in 
this  date  to  the  copper — the  copper  wedges  now 
united  with  the  filver  plates,  are  rolled  under  fteel 
rollers,  moved  by  a water  mill,  and  afterwards  by 
hand  rollers,  till  they  are  brought  to  the  required 
thicknefs  and  extent,  according  to  the  ufes  for 
which  they  are  defigned.  The  thinned:  of  thefe 
plates  are  applied  to  the  lining  of  drinking  horns — 
the  thickcfh  may  be  advantageoufly  employed  in 
lining  laucepans,  and  other  kitchen  utenfils  : for 
fire  does  not  calcine  filver. — One  ounce  of  filver 
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is,  in  this  operation  of  plating,  fpread  over  a 
furface  of  about  three  i'quare  feet. 

There  is  another  kind  of  plate,  called  French 
plate  ; which  is  made  by  heating  copper,  or  rather 
brafs,  to  a certain  degree,  and  by  applying  filver 
leaf  upon  the  heated  metal,  to  which  it  adheres 
by  being  rubbed  with  a proper  burnifher.  In 
ornamental  works,  which  are  not  much  handled, 
ten  leaves  are  fufficient  : but  this  method  is  very 
unfit  for  other  purpofes,  one  hundred  leaves  not 
being  enough  to  conceal  the  brafs  for  any  time,  if 
the  plate  be  much  in  fervice. 

The  ufes  of  this  metal  are  too  numerous  to  be 
diftin&ly  fpeeified. — A great  variety  of  thefe  have 
been  already  flated,  or  alluded  to  : befide  which, 
it  is  employed  in  fheathing  the  bottoms  of  fhips, 
and  in  covering  houfes — it  is  employed  in  flaming 
and  colouring  glafs  and  enamels — the  folution  of 
copper  in  nitrous  acid  fhiins  marble,  and  other 
{tones : and,  when  precipitated  with  chalk,  yields 

the  green  and  blue  verditer  of  the  painters. 

Copper  is  employed  for  chifels,  hammers,  &c.  in 
the  gunpowder  works,  becaufe  it  does  not  (trike 
fire  with  flint. 


CHAP. 
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Of  Iron. 


IRON  is  an  imperfect  metal,  of  a blueilh  white 
colour,  a naufeous  tafte,  and  when  rubbed  or 
heated  a very  dilagreeable  fmell,  of  a fpecific 
gravity  near  8 times  that  of  water.  It  is  hard 
and  elaffic,  and  lighter  than  any  other  metal, 
except  tin.  When  it  is  in  that  ffate  which  is 
called  wrought  or  forged  iron,  it  is  very  mal- 
leable, its  tenacity  is  fo  great,  that  a wire  one 
tenth  of  an  inch  in  diameter  can  fupport  450 
pounds.  Forged  iron  poffeffes  one  moft  valuable 
property,  unknown  in  any  other  metal  except  pla- 
tina,  which  is,  that  two  pieces  of  it  heated  to  a 
white  heat  can  be  united  by  the  hammer.  This 
property  is  called  Welding. 

Iron  differs  from  all  other  metals  in  three  par- 
ticulars. iff.  In  magnetifm,  or  being  attracted 
by  the  Ioad-ffone ; and  in  becoming  magnetical 
itfelf  when  rubbed  to  this  ffone.  2nd,  In  taking 
lire  and  filling  by  the  ffroke  of  a flint.  If  the 
fparks  be  examined,  they  are  found  to  be  the 
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calx  of  iron.  3rdly,  In  being  found  in  plants  and 
animals.  Plants  railed  in  water  contain  it ; for  it 
may  be  extracted  from  their  allies. 

Iron  is  the  molt  abundant  of  all  metallic  fub- 
Itances,  being  found  in  molt  mineral  bodies,  co- 
loured Itones,  &c.  In  its  ores  it  is  in  three  hates 
chiefly  ; in  the  metallic  hate,  though  rarely  ; in 
the  calcined  hate  ; and  mineralized  with  fulphur 
and  other  fubhances.  The  calces  are,  the  bog 
iron  ore,  generally  difpofed  in  beds  in  the  fame 
manner  as  hones,  and  frequently  containing 
Ihells,  leaves,  wood  and  other  organic  fubhances 
changed  into  iron.  Of  thefe  ores  there  are  fe- 
veral  varieties ; the  magnetic  hone,  of  a black- 
ifli  colour,  fometimes  called  galena  of  iron,  in 
cryhals  of  6 or  8 hdes : fpecular  iron  ore,  of  a 
greyifli  colour,  and  fometimes  reflecting  different 
colours ; brown  iron  ore,  as  the  blood  hone ; 
argillaceous  iron  ore,  as  the  eagle  hone,  &c.  &c. 
Iron  mineralyzed  with  fulphur  is  the  common 
pyrites  ; with  arfenic,  the  white  pyrites  or  wol- 
fram. The  fparry  iron  is  combined  with  the 
chalky  acid  : it  is  for  the  moh  part  of  a whitifli 
colour,  always  difpofed  in  thin  layers,  fomewhat 
tranfparent  like  fpar,  and  often  in  regular  cryf- 
tals.  Iron  is  fometimes  combined  with  the  ful- 
phuric  acid  forming  the  fait  called  martial  or  green 
vitriol.  Plumbago  is  another  ore  of  iron  combined 
with  charcoal  ; it  is  found  frequently  in  Eng- 
land, and  manufactured  into  black-lead  pencils. 
Emery  is  alfo  an  ore  in  which  ir<?n  is  combined 
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with  filiceous  earth : is  is  found  in  large  quanti- 
ties in  the  Eafl  Indies. 

In  the  large  iron  works  they  generally  roafl 
the  ores,  as  well  for  the  purpofe  of  expelling 
fulphur  or  arfenic  that  may  be  in  them,  as  to 
render  them  more  apt  to  break  into  fmall  pieces 
convenient  for  melting : and  fometimes  they 
pound  them.  The  fmelting  furnaces  are  about 
20  feet  high  : near  the  bottom  is  an  opening  for 
the  pipe  of  a large  bellows  which  is  worked  by 
(team  or  water ; and  in  the  fides  of  the  furnace 
are  likewife  feveral  holes  which  are  occafionally 
opened  to  let  out  the  flag  or  fcum  during  the  pro- 
cefs.  The  furnace  is  filled  with  charcoal,  and 
lighted  at  the  top.  When  it  has  burnt  down  a 
certain  length,  the  ore  is  thrown  in  by  fmall 
quantities  with  fome  charcoal  and  limeftone  in 
hated  proportions  ; the  lime  ferving  to  afilft  as  a 
flux,  and  alfo  to  dry  the  flag  and  feparate  it  from 
the  melted  metal.  As  the  procefs  goes  on  the 
metal  is  feen  falling  in  drops  to  the  bottom,  while 
the  flag  forms  into  a fort  of  glafly  matter  floating 
on  the  top. 

The  melted  iron,  called  Font , is  let  out  at  the 
bottom,  generally  three  times ; after  each  of 
which  the  hole  is  flopped  with  clay  till  next  Tap- 
ping, or  letting  oflf  the  metal.  It  is  run  into 
moulds  of  whatever  iize  and  fliape  the  artift  thinks 
fit;  and  in  this  fl  ate  goes  by  the  names  of  * Cajl 
Iron , Pig  Iron,  or  Tetlin . This  crude  iron  is 

very  impure,  and  may  be  diflinguiflied  into  three 
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Hates,  ift,  White  crude  iron,  fo  hard  and  brittle 
as  to  be  in  no  degree  malleable,  and  even  to 
withfland  the  file  ; 2ndly,  Grey  crude  iron,  lefs 
hard  and  brittle  than  the  former  ; and  ufed  in 
the  conftru&ion  of  artillery  and  other  inftruments 
which  are  bored  or  turned ; 3rdly,  Black  call 
iron,  approaching  ftill  more  to  the  malleable 
(fate.  The  flag  removed  during  the  operation 
fometimes  contains  a fulficient  portion  of  iron  to 
be  employed  again.  A good  furnace  will  yield 
from  3 to  4 tuns  of  iron  in  24  hours. 

Call  iron  is  very  valuable  from  its  extenfive  ufe 
in  the  various  purpofes  of  life  : it  is  formed  into 
great  numbers  of  different  utenfils,  fuch  as  floves, 
ovens,  pots,  kettles,  grates  &c.  &c.,  and  is  em- 
ployed in  every  fpecies  of  work  large  and  fmall, 
where  iron  does  not  require  to  be  beat  out  with 
the  hammer. 

Gaft  iron  may  be  refined  and  rendered  mal- 
leable by  fufing  it  with  charcoal  on  which  it  is 
bedded  in  different  layers.  The  fire  muff  be 
blown  pretty  ftrongly,  and  aflifted  with  fulible 
matters.  As  the  iron  becomes  foft,  the  artiff 
ffirs  it  continually  with  an  iron  inftrument,  as  it 
were  kneading  and  baking  it,  for  the  purpofe  of 
expofing  more  of  its  furface  to  the  combufiible 
matters.  In  the  courfe  of  feveral  hours  it  ac- 
quires the  confluence  of  a pafte,  and  is  then  car- 
ried to  a large  hammer,  which  by  repeated  blows 
drives  off  the  remaining  portion  of  impure  calx  or 
flag.  The  charcoal  is  ufed  to  reduce  the  metal 
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from  its  calcined  Hate,  either  by  giving  out  phlo- 
giffon  to  the  calx,  or  according  to  the  new  theory 
by  attracting  its  vital  air.  The  iron,  thus  refined, 
becomes  malleable,  and  is  formed  into  bars : 
hence  it  is  fometimes  called  Bar  Iron  ; it  is  alfo 
called  Forged  Iron,  and  Wrought  Iron . Crude 
iron  lofes  above  one  fourth  of  its  weight  in  re- 
fining. 

It  was  obferved  above  that  forged  iron  poflefles 
the  property  of  welding ; by  which  the  great 
difficulty  of  filling  iron,  which  cannot  be  accom- 
pliffied  without  an  intenfe  heat,  is  in  a great  de- 
gree compenfated. 

Another  method  of  refining  crude  iron,  lefs  ex- 
penfive  and  troublefome  than  the  former,  has 
been  difeovered  ; in  which  charcoal  is  not  em- 
ployed, and  inftead  of  the  hammer,  great  rollers 
are  ufed  to  force  the  impurities  from  the  iron. 
If  the  calx  of  iron  make  but  a fmall  part  of  thefe 
impurities,  this  method  feems  much  preferable  to 
the  former  but  there  being  no  provifion  here 
made  for  reducing  the  metal  from  the  calx,  the 
procefs  cannot  fucceed  fo  well,  if  this  be  in  great 
quantity. 

Forged  iron  is  made  into  Steel  by  cementing  it 
with  charcoal  and  other  combuffibles,  and  expof- 
ing  the  whole  to  the  heat  of  a reverberatory  or 
vaulted  furnace,  in  which  the  fire  playing  round 
them,  keeps  them  in  a white  heat  approaching  to 
fufion  for  8 or  10  hours.  When  the  required 
change  takes  place,  which  is  indicated  by  the  fur- 
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face  of  the  iron  bars  being  bliftered,  the  fire  is 
allowed  to  decay,  and  the  metal  to  cool.  This 
is  the  common  method ; but  fteel  is  fometimes 
made  dire&ly  from  crude  iron,  by  running  this 
into  thin  plates  and  cementing  them  with  char- 
coal as  before.  The  common  method  feems  bet- 
ter, as  having  the  advantage  of  one  fufion  more 
befide  other  procefles  to  purify  the  metal.  It  fhould 
be  obferved,  that  during  the  operation  of  con- 
verting crude  iron  into  heel,  a black  fubftance  is 
thrown  up  to  the  furface,  which  is  found  the  fame 
with  plumbago,  an  ore  of  iron  before  mentioned. 
It  is  evidently  a combination  of  the  calx  of  iron 
with  charcoal  from  the  procefs.  Steel  may  be 
farther  refined  for  very  nice  inflruments,  as 
razors,  lancets,  watches,  &c.  &c.  by  melting  it 
again  with  a ftrong  but  regular  fire  in  a crucible  ; 
it  is  then  called  cajl  fteel , although  after  this  fu- 
fion the  bars  of  it  are  forged.  1 his  will  not  en- 
dure more  than  a red  heat,  but  will  run  away  like 
fand  from  under  the  hammer,  if  urged  to  a weld- 
ing heat. 

Steel  poftefies  qualities  very  fuperior  both  to 
call  and  forged  iron  : It  has  great  firmnefs  of  co- 
hefion,  yet  it  is  malleable  and  may  be  welded  like 
bar  iron  : It  is  lefs  fubjeft  to  ruft  than  either  of 
them  : and  it  is  capable  of  being  brought  to  any 
degree  of  hardnefs  or  foftnefs,  called  the  tempering 
of  fteel;  which  is  thus  done.  The  fteel  firft  receives 
the  higheft  or  hardeft  temper  pofiible  by  fudden- 
ly  plunging  it  red  hot  into  cold  water.  It  is  then 
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returned  to  the  fire,  and,  as  it  flowly  heats,  a 
Jucceflion  of  colours  is  obferved,  yellow,  gold, 
purple,  violet,  deep  blue ; which  determine  the 
artifl  how  long  to  continue  and  when  to  flop, 
according  to  the  temper  required.  In  the  order 
here  laid  down,  the  firft  colours  give  the  hard- 
eft,  and  the  laft  the  fofteft  temper.  It  is  ob- 
vious how  ufeful  this  is : for  in  making  different 
utenfils,  for  inftance  cutting  inftruments,  if  the 
temper  be  too  hard,  the  edges  will  be  apt  to 
break,  if  too  foft,  to  bend. 

Iron  undergoes  the  great  eft  alteration  of  ali 
metals  from  the  air,  and  water ; with  the  latter 
it  combines  fo  ftrongly  that  not  only  its  furface 
but  the  inner  parts  are  corroded  by  it  and  chang- 
ed to  ruft. 

Iron  is  foluble  in  all  the  acids.  The  fulphuric 
acid  diluted  with  water  diffolves  to  the  amount  of 
more  than  half  the  weight  of  the  acid  : the  folu- 
tion being  filtred  and  evaporated  gives  a tranfpa- 
rent  fait  mentioned  already  under  the  name  of 
martial  or  green  vitriol.  If  to  this  folution  be 
added  fome  pounded  nutgalls  or  other  aftringent 
vegetables,  they  combine  with  the  calx,  forming 
a fine  precipitate  which  remains  fufpended,  efpe- 
cially  by  the  addition  of  a little  gum  : the  fluid  in 
this  ft  ate  is  ink. 

The  folution  of  iron  in  fulphuric  acid  is  alfo  of 
importance  in  obtaining  a very  beautiful  pow’der, 
called  Prujfian  blue , which  is  of  great  ufe  in 
painting  ajpd  dyeing : it  is  done  by  adding  to  it  a 
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folution  of  alum  in  water,  and  throwing  in  a pro- 
per quantity  of  Pruflian  alkali,  which  will  pre- 
cipitate the  iron  partly  in  the  form  of  a calx,  part- 
ly in  the  form  of  Pruflian  blue  : and  by  adding 
a little  marine  acid,  the  calx  is  diflolved,  and  the 
powder  thus  rendered  more  pure.  The  PruJJian 
Alkali  is  procured  by  calcining  equal  parts  ot  fix- 
ed vegetable  alkali  with  dried  ox  blood,  throwing 
the  mafs  red  hot  into  water,  boiling  and  wafliing 
it  well.  This  alkali  is  allb  of  fervice  in  refloring 
the  chambers  of  ancient  writings  that  have  faded} 
which  may  be  done  by  an  infufion  of  nutgals, 
but  it  is  bell  done  by  fpreading  a little  diflolved 
Pruflian  alkali  over  the  chara&ers. 

Other  fubftances,  it  is  now  known,  befide 
ox  blood,  are  capable  of  giving  the  alkali  the 
fame  property  of  precipitating  iron  in  the  form 
of  Pruflian  blue,  fuch  as  the  coals  of  burned  ani- 
mal  fubftances,  and  alfo  of  vegetable  fubftances, 
if  they  be  treated  with  a more  violent  heat. 

The  folution  of  martial  vitriol  decompofes  nitre 
on  two  accounts  ; ift,  from  theftronger  affinity  of 
fulphuric  than  of  nitrous  acid  to  the  alkali  of  nitre; 
and  2ndly  from  the  attraction  between  the  iron 
and  this  laft  acid,  which  is  remarkably  ftrong  in 
all  cafes  where  iron  is  in  very  finall  particles.  In 
the  combination  of  iron  with  nitrous  acid  a great 
quantity  of  nitrous  gas  is  difengaged,  the  metal 
is  nearly  calcined,  and  the  folution  is  of  a brown 
red  colour. 
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The  marine  acid  diflolves  iron  with  great  ra- 
pidity, and  difengages  more  inflammable  gas  than 
even  the  fulphuric  : the  folution  of  a yellowilh 
green  is  more  permanent  than  the  folutions  in  the 
other  acids.  It  is  decompofed  by  lime  and  the 
alkalis,  by  hepars  and  aftringents : and  by  the 
Pruflian  alkali  in  a fine  blue  powder.  Iron 
combines  rapidly  with  fulphur,  merely  with  the 
afliflance  of  moifture ; for  a mixture  of  both  in 
powder  moiftened  into  a kind  of  pafte  will  heat 
and  fplit  and  throw  out  flames,  as  we  have  ob- 
ferved  in  another  place.  In  fufion  they  readily 
combine,  and  form  pyrites ; and  if  iron  heated 
to  a white  heat  be  palled  through  fulphur,  it  is 
fufed  ; which  is  much  more  eafy  than  the  common 
method  of  filling  it. 

i 

Phofphorus  is  fometimes  combined  with  iron, 
making  the  metal  brittle,  when  it  is  cold,  whence 
it  is  called  cold  Jhort  iron.  Zinc  makes  it  brittle, 
when  hot,  whence  this  combination  is  called  hot 
Jhort  iron.  Thefe  imperfections  are  alfo  frequent- 
ly obferved  in  iron  after  the  procefs  of  refining ; 
and  they  feem  to  depend  fo  much  upon  the  Hate 
of  the  ore,  as  not  to  be  avoided  by  any  manage- 
ment. Cold  Ihort  is  accounted  the  worfe  fault. 

Iron  unites  with  molt  metals : with  mercury, 
if  plunged  in  a white  heat  into  it,  the  iron  be- 
comes coated ; thefe  two  metals  alfo  intimately 
unite,  when  both  in  a calcined  Hate.  It  unites 
well  with  tin,  as  is  evident  from  the  manner  of 
making  tin  plates  mentioned  in  another  place,  and 
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alfo  from  the  tinning  of  iron  veflels,  an  operation 
fimilar  to  that  of  tinning  copper  veffels  treated  of 
elfewhere  alfo.  Antimony,  which  confifts  of  an- 
timony properly  fo  called  and  of  fulphur,  being 
fufed  with  iron  is  decompofed  by  the  greater  af- 
finity of  the  iron  than  of  the  metal  antimony  to 
fulphur. 

The  ufes  of  iron  are  fo  various  and  extenfive, 
that  it  is  impoflible  to  enumerate  them  here.  It 
is  indeed  the  mod  ufeful  of  all  metals,  and  is  fome- 
times  called  the  foul  of  the  arts.  In  medicine  it 
is  of  fervice,  by  ftrengthening  the  nerves  and 
mufcles,  and  in  other  refpe&s.  Martial  vitriol, 
applied  externally,  is  effe&ual  in  flopping  violent 
bleedings ; and  iron,  when  it  has  become  mag- 
netical,  being  applied  to  the  fkin,  relieves  pains 
and  allays  convulfions. 


CHAP. 


CHAP.  VII. 


Of  Lead 


Lead  is  an  imperfeft  metal,  of  a whitifh 
colour  inclining  to  blue— it  is  the  lead  du&ilc, 
eladic,  and  fonorous  of  all  metals — a wire  of  it, 
one  tenth  of  an  inch,  is  capable  of  fupporting  a 
weight  of  about  thirty  pounds — it  is  the  heavied 
of  all  metals,  except  gold,  platina  and  mercury  ; 
its  fpecific  gravity  being  above  eleven  times  that 
of  water. 

Lead  is  feldom  found  native,  but  for  the  mod 
part  in  the  form  of  a calx,  either  in  an  earthy 
date,  or  of  an  ore  united  with  fulphur,  and  form- 
ing galena,  or  potter’s  red  ore. — The  ores  of 
lead  are  of  many  different  kinds ; of  which  the 
following  are  mod  remarkable — fird,  ochre  of 
lead,  a kind  of  clay  mixed  with  a fmall  quantity 
of  ochre  of  iron — fecondly,  native  cerufe  ; which 
feems  to  be  an  ore  of  lead,  reduced  by  water  to  a 
white  earth — thirdly,  fparry  lead  ; a calx  flowly 
depofited  by  water,  and  crydallized  : it  is  of  dif- 
ferent colours,  white,  green,  and  fometimes, 
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though  feldom,  red— fourthly,  galena  ; which  is 
the  true  ore  of  lead,  or  the  combination  of  this 
metal  with  fulphur. — Molt  lead  ores  contain  more 
or  lefs  ftlver. 

The  general  method  of  fmelting  lead  ore, 
now  in  ufe,  is  by  the  furnace  called  the  cupola, 
or  reverberating  furnace  ; which  is  likewife  ufed 
for  the  fmelting  of  copper  ores.  This  furnace  is 
fo  conftru&ed,  as  to  melt  the  metal  by  the  reflexion 
of  the  flame  upon  it.  For  this  purpofe,  its  roof  is 
low  and  arched,  and  its  chimney  is  placed  oppofite 
to  the  fire  place,  fo  that  the  blalt  of  air  may  direft 
the  flame  from  the  fire  towards  the  chimney,  and 
in  fo  doing  caufe  it  to  ftrike  againft  the  roof, 
whence  it  is  driven  back  again  upon  the  ore — the 

bottom  of  the  furnace  is  made  hollow,  and  Ihelv- 

\ 

ing  from  the  Tides  towards  the  middle. 

They  generally  put  into  this  furnace  about  a ton 
of  pounded  ore,  which  they  call  a charge — three 
of  thefe  are  worked  olf  in  twenty-four  hours. — 
During  the  procefs  the  fmelters  ufually  throw  in 
about  a bulhel  of  lime,  for  the  purpofe  chiefly  of 
thickening  and  drying  the  fcoria  or  flag,  which 
floats  upon  the  furface  of  the  melted  mafs,  and 
which  being  liquid  might  otherwife  flow  out  with 
the  lead.  When  the  flag  is  colle&ed  in  this  manner, 
towards  the  Tides,  the  lead  is  fuffered  to  flow  out 
of  a hole  at  the  bottom,  which  had  been  flopped 
during  the  fmelting,  and  to  run  into  an  iron 
pot — it  is  then  laded  out  of  this  into  iron  moulds, 
each  of  which  contains  a portion  called  a pig  of 
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lead . — Thefe  pigs  are  fold  under  the  name  of  ore 
lead. 

When  the  lead  has  all  run  out,  they  flop  the 
hole,  draw  down  the  flag,  renew  the  fire  and  the 
procefs,  and  obtain  from  this  flag  to  the  amount 
of  about  twenty  or  thirty  pounds. 

Bifliop  Watfon  obferving,  that  in  this  procefs 
all  the  fulphur  is  carried  off  in  vapour,  and  much 
lead  fublimed,  propofes  to  have  an  horizontal 
chimney  with  various  windings — upon  its  flue  are 
placed  a number  of  large  globular  glafs  veffels, 
each  containing  a little  water,  and  communicating 
together  by  means  of  two  necks,  one  on  either 
fide.  One  of  the  extreme  veffels  receives  the 
vapour  from  a tube  fixed  at  the  end  of  the  flue, 
which  firff  rifes  perpendicularly  a little  way,  and 
then  turns  horizontally  towards  the  glafs  vefl'el : 
and  thus  the  vapour  is  made  to  pafs  through  the 
whole  feries,  the  neck  of  the  other  extreme  veffel 
being  left  open — the  heat  of  the  flue  raifes  the 
water  in  the  feries  of  veflels  into  a kind  of  fteam, 
which  attracts  and  condenfes  the  fulphureous 
vapour  in  its  paffage — when  all  the  fulphur  is 
evaporated,  the  heat  may  be  raifed,  and  the 
draught  of  the  furnace  go  out  at  the  end  of  the 
horizontal  chimney. — Ordinary  ores  contain  at 
leafi:  one-twelfth  of  their  weight  of  fulphur — a 
confiderable  faving  of  courfe  is  made,  of  fulphuric 
acid,  by  this  improvement. 

The  horizontal  chimney  is  further  ufeful,  in 
faving  a large  quantity  of  fublimed  lead,  efpecially 
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if  it  be  conftrufted  with  various  windings,  to  con- 
denfe  the  vapour.  The  fublimed  lead  is  worth 
ten  or  twelve  pounds  a ton  ; and,  perhaps,  may 
be  converted  into  red  lead,  with  Hill  more  profit. 

When  a mafs  of  metal,  confiding  of  lead  and 
filver,  is  melted  in  the  open  air,  the  lead  will  be 
reduced  to  allies,  while  the  filver  remains  unal- 
tered.— And  thus  lead,  or  any  other,  or  all  of  the 
imperfeft  metals,  may  be  ealily  feparated  from 
filver  or  gold,  which  fuffer  no  change  from  the 
fire  : the  imperfeft  metals,  in  the  operation  of 
fufion,  rifing  to  the  top  of  the  vefifel,  in  the  form 
of  an  earth  or  drofs,  while  the  gold  or  filver,  or 
their  mixture,  falls  pure  to  the  bottom.  This 
procefs  is  greatly  aftifted  by  adding  to  the  mals  a 
quantity  of  lead,  which  by  a ftrong  heat  will 
vitrify,  or  be  converted  into  glafs,  and  which  will 
foon  vitrify  all  the  imperfect  fubftances,  without 
having  any  effect  upon  the  gold  or  filver — part  of 
the  vitrified  fubftances  is  imbibed  by  the  teft  or 
veffel,  which  is  for  this  purpofe  porous  ; the  reft 
is  driven  off  from  the  furface  of  the  melted  mafs, 
by  the  blaft  of  a bellows.  The  earth  of  lead  thus 
driven  off,  is  called  litharge  : — and  it  may  either 
be  changed  into  red  lead  by  calcination,  or  re- 
vived into  lead,  by  being  fluxed  with  fome  com- 
buftible  fubftance,  as  charcoal,  Sc c. 

Lead,  during  the  progrefs  of  heat,  melts  with 
fo  fmall  a degree,  that  the  hand  may  be  dipped  in 
it  without  injury — after  it  is  melted,  it  begins  to 
calcine — in  a ftrong  heat  it  boils  and  fends  forth 
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fumes,  during  which  it  calcines  rapidly — if  the 
heat  be  moderate  and  regular,  its  calx  is  a duiky 
powder,  appearing  as  a pellicle  on  the  furface, 
afterwards  white,  yellow,  and  then  of  a bright 
red,  called  minium , or  red  lead.  If  the  heat  be 
ftrong  and  rapid,  the  lead  becomes  converted 
into  litharge:  and  a ftill  higher  degree  of  heat 
converts  it  into  a clear,  tranfparent,  yellow  glafsy 
which  is  capable  of  dilfolving  metallic  calces,  or 
earths,  as  was  feen  above. — This  laft  calx  of  lead, 
added  to  common  glafs,  renders  it  capable  of  being 
cut  and  polifhed  more  eafily  : and,  by  its  powerful 
action  on  the  rays  of  light,  is  moft  proper  for 
making  the  glaffes  of  certain  telefcopes,  called 
achromatic. — The  glafs  fo  made,  is  called  flint 
glafs. 

The  calces  of  lead  are  alfo  employed  in  making 
the  finer  glaffes,  called  paftes , which  imitate  the 
precious  hones : the  chief  ingredients  are  flint, 
alkali,  borax,  and  litharge. 

Cerufcy  or  white  lead , is  thus  made — thin  plates 
of  lead  are  rolled  up  in  a fpiral  form,  and  placed 
in  earthen  covered  pots  containing  vinegar : this 
being  gradually  heated  is  raifed  into  vapour, 
which  corrodes  the  lead  into  white  fcales  ; and 
thefe  are  beat  oft'  from  the  plates,  walked  and 
ground  in  a mill. — The  procefs  is  again  renewed 
with  the  plates,  and  continued  till  the  whole  are 
confumed.  White  lead  is  employed  in  oil-painting, 
all  other  whites  being  tranfparent,  unlefs  laid  on 
with  water:  it  is  alfo  ufed  to  paint  the  Ikin, 

but 


LEAD. 


161 


but  is  attended  with  certain  ruin  of  the  com- 
plexion. 

White  lead,  litharge,  or  minium,  if  diflblved  in 
the  acid  of  vinegar,  becomes  a fweet  fubdance, 
called  faccharum  Saturni , or  fugar  of  lead ; 
which,  like  all  preparations  of  lead,  is  a mod 
deadly  poifon.  Sour  wines  are  fometimes  adulte- 
rated with  this  poifon,  which  corrects  the  fharp- 
nefs,  and  communicates  a flavour  like  that  of  native 
fermentation. — The  bed  mode  of  dete&ing  this  is, 
by  diflolving  fulphur  in  lime  water,  and  dropping 
a fmall  quantity  of  this  folution  into  the  fufpe&ed 
liquor  ; for  if  any  lead  be  prefent,  a dark  cloud 
will  fall  to  the  bottom,  or  the  colour  of  the  whole 
will  be  changed  to  a dark  brown ; if  there  be  no 
lead,  the  colour  will  be  rather  a dirty  white. 

Lead,  during  its  calcination,  unites  with  air,  as 
appears  from  its  encreafing  in  weight  ten  pounds 
in  the  hundred — and  it  is  confirmed  byDr.Prieflly, 
who  extracted  pure  air  from  minium. — Yet  it  is 
one  of  the  metallic  fubflances,  which  has  the  lead 
affinity  with  air,  for  this  feparates  from  it  by  the 
adion  of  fire  alone.  We  are  not  to  judge  of  the 
degree  of  affinity  between  two  bodies,  by  the 
facility  with  which  they  combine,  but  rather  by 
the  difficulty  of  difuniting  them. 

Lead  is  tarniflied  by  air,  efpecially  if  this  be 
moid  ; and  is  corroded  by  water,  particularly  by 
that  which  contains  faline  matters,  as  appears 
from  the  white  crud  covering  the  fides  of  the 
veflels.  It  unites  with  earthy  fubdances,  but  only 
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when  in  the  Hate  of  a calx.  It  is  foluble  in  all 
the  acids,  though  flightly  in  its  metallic  ftate ; in 
the  fulphuric,  when  concentrated  and  boiling,  com- 
pofing  vitriol  of  lead  : — in  the  nitrous  acid,  in  its 
ordinary  hate  (probably  from  the  ftrong  attraction 
of  lead  to  vital  air)  compofing  the  fait  called 
nitrum  Saturni,  which  crackles  on  the  fire,  and 
fufes  upon  a burning  coal  with  a yellowifli  flame. 
But,  although  the  nitrous  acid  feems  to  a£t  much 
more  ftrongly  upon  lead,  than  the  fulphuric,  yet  its 
affinity  is  lefs ; as  is  evident  from  pouring  fome 
pure  fulphuric  acid  into  a nitrous  folution  of  lead, 
by  which  vitriol  of  lead  is  precipitated,  in  the 
form  of  a powder  ufed  in  painting,  and  called 
white  precipitate. — The  pure  marine  acid,  with 
the  affiftance  of  heat,  readily  calcines  lead,  and 
diflolves  part  of  its  calx  : but  it  combines  better 
with  it,  by  pouring  the  marine  acid  into  a nitrous 
folution  of  lead  : by  which  a more  copious  preci- 
pitate is  formed,  than  was  made  by  the  fulphuric 
acid. — It  is  called  plumbum  corneum . Sulphur 
eafily  unites  with  lead  by  fufion,  and  produces  a 
brittle  mineral,  like  galena,  much  more  difficult 
to  fufe  than  lead. — It  is  curious  to  obferve,  that 
fuch  metals,  as  are  very  fulible,  become  much  lefs 
fo  when  fufed  with  fulphur  ; and  that  thofe,  which 
fufe  with  difficulty,  are  rendered  much  more  fulible 
by  this  combination. 

Lead  is  a&ed  on  by  all  inflammable  fubftances. 
Grofs  oils  dilfolve  its  calces  by  the  affiftance  of 
heat : and  thefe  preparations  are  employed  in 
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many  plafters  which  are  ufed  in  furgery.  Lead 
unites  with  mod  metals  and  femi-metals — gold  and 
filver  are  diflolved  by  it  in  a flight  red  heat : — the 
lead  becomes  more  du&ile,  while  they  become 
more  brittle. — Mercury  forms  with  it  an  amalgam  : 
but  the  lead  is  eafily  feparated  from  it  by  agitation, 
in  the  form  of  a fine  powder. — Lead,  when 
heated  fo  as  to  boil  and  fmoke,  foon  diflolves 
copper  thrown  into  it  : but  the  union  is  remark- 
ably flight ; for  by  a very  moderate  heat,  the  lead 
alinofl;  entirely  runs  off  by  itfelf.  This  procefs  is 
called  eliquation,  and  is  the  only  inftance  of  fepa- 
rating  metals  in  this  manner  hitherto  known  ; as 
in  all  other  cafes,  the  compound  fufes  into  one 
mafs. — Lead  does  not  unite  with  iron  in  their 
metallic  forms,  but  vitrifies  it,  and  all  other  imper- 
fect metals,  in  the  ftate  of  calces,  as  was  fhewn 
above. — It  unites  very  readily  with  tin,  forms  a 
compound  more  fufible  than  lead,  and  is,  there- 
fore, ufed  as  a folder  for  it — the  proportion  of 
the  ingredients  is,  one  part  of  tin  for  two  of  lead, 
to  make  folder  for  plumbers. 

It  is  very  dangerous  to  employ  tin,  which  is 
combined  with  too  great  a quantity  of  lead,  in 
veflels  of  domeftic  ufe. — Ten  pounds  of  lead  in 
the  hundred,  is  the  proportion  in  fine  wrought 
tin  ; whereas  five  and  twenty  pounds  of  lead  are 
often  found  in  a hundred  weight  of  common  tin. 
There  is  an  eafy  method  of  trial  ufed  by  pew- 
terers,  called  the  eflay  by  the  ball  or  medal— the 
tin  is  run  into  moulds  of  thofe  lhapes,  and  is  com- 
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pared  in  weight  with  refined  tin  run  into  the  fame 
moulds. 

The  ufes  of  lead  are  numerous.  Befide  thofe 
already  mentioned,  it  is  call  into  thin  fheets 
for  covering  buildings,  employed  in  making  water 
pipes,  and  various  other  inftruments  and  utenfils. 
If  melted  lead  be  poured  into  a box,  previoufly 
rubbed  with  chalk,  to  prevent  it’s  action  on  the 
wood,  and  be  continually  fhaken,  it  will  form  into 
feparate  grains,  which  are  of  confiderable  ufe, 
efpecially  in  weighing. — Shot  is  made,  by  pouring 
melted  lead  into  an  iron  box,  bored  with  fmall 
holes  in  the  bottom,  through  which  it  runs  into  a 
velfel  of  water — as  it  touches  the  furface  of  the 
water,  it  congeals  and  forms  itfelf  into  round 
drops — a fmall  quantity  of  arfenic  being  added  to 
the  water,  gives  more  fuccefs  to  the  experiment. 

In  preparations  of  lead,  the  workmen  are  fub- 
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jed  to  complaints  in  the  bowels,  and  to  paralytic 
diforders — when  received  into  the  fiomach  and 
bow'els,  it  occafions  violent  pains,  accompanied 
frequently  with  vomitings  of  green  bile.  In  thefe 
cafes  antimonial  emetics  and  purgatives  are  found 
of  great  fervice,  and  alfo  livers  of  fulphur.  From 
thefe  fads  it  fhould  feem,  that  lead  ought  not  to 
be  ufed  internally,  by  way  of  medicine  ; and  even 
externally  with  great  caution. 


CHAP. 


CHAP. 


VIII. 


Of  Tin. 


TlN  is  an  imperfeft  metal  of  a whitifli  colour, 
more  brilliant  than  lead,  but  lefs  fo  than  diver. 
It  is  the  lighted:  of  all  metals  having  a fpecific  gra- 
vity little  above  7 times  that  of  water,  fofter  than 
any  of  them  except  lead,  and  inconfiderably  fo- 
norous.  A tin  wire  one  tenth  of  an  inch  is  able 
to  fupport  a weight  of  about  50  pounds.  It  is 
very  malleable,  and  is  beaten  out  into  leaves  of 
different  thicknefs  according  to  their  various  ufes ; 
fome  of  them  are  not  above  the  thoufandth  part 
of  an  inch  in  thicknefs,  called  tin  foil.  It  is  of 
all  metals  the  mod  fufible. 

Tin  is  very  fcarcely,  if  ever,  found  in  a na- 
tive date  : but  generally  in  the  date  of  a white, 
heavy,  opake  calx.  Its  ores  are  as  follow : 
id,  tin  fpar  of  a whitifh  grey  colour,  fometimes 
inclining  to  green  and  yellow ; 2nd,  dark  brown 
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or  black,  bedded  in  quartz : thefe  ores  contain 
fome  iron  ; 3rd,  red  or  garnet  ore,  containing  more 
iron  than  tin  ; 4th,  the  tin  hone,  which  contains 
dill  lefs  tin  than  the  former. 

Tin  ores  are  worked  thus.  The  ore  is  pound- 
ed into  powder  ; wafhed  to  carry  off  the  earthy 
particles ; and  roafled  to  feparate  the  fulphur  and 
arfenic  when  found  in  thofe  ores.  This  is  done 
in  reverberating  furnaces  with  an  horizontal  chim- 
ney to  collett  the  fulphur.  The  powder  is  then 
thrown  into  the  fmelting  furnace,  fufed  and  run 
into  moulds.  In  England  thefe  moulds  are  of 
Hone,  of  a quadrangular  fhape,  containing  about 
320  pounds  weight  of  metal,  which  when  hard- 
ened is  called  Block  Tin : each  of  them  is  fealed 
with  the  feal  of  the  Dutchy  of  Cornwall,  where 
the  mines  are  worked. 

Englifh  tin  is  faid  by  foreigners  to  be  very  im- 
pure, but  this  is  a miftake.  The  tin  of  which  they 
complain,  does  not  leave  England  in  that  hate, 
but  is  adulterated  afterwards.  The  Dutch  for 
inflance  melt  thofe  blocks  again  with  lead,  and 
after  thus  debating  the  tin,  ftamp  it  with  falfe 
Englifh  (lamps.  It  fhould  here  be  obfervcd,  that 
no  tin,  except  native  can  be  perfettly  pure ; be- 
caufe  its  calx  being  very  refrattory,  the  fire, 
which  fmelts  it,  is  flrong  enough  at  the  fame  time 
to  fufe  the  copper,  iron,  and  other  metals  mixed 
in  the  ore.  If  tin  be  melted  in  open  veffels  its 
furface  is  loon  covered  over  with  a grey  pellicle, 
which  being  taken  off,  the  tin  beneath  is  covered 
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with  a new  one  ; and  fo  on,  till  the  whole  is  thus 
reduced  into  pellicles,  which  are  the  calx  of  the 
metal. 

This  calx  being  pounded  well  and  agitated  in 
water,  is  fuffered  to  hand  a confiderable  time 
and  afterwards  decanted  ; when  it  lets  fall  a very 
fine  powder,  which  is  called  putty  of  tin.  It ' is 
of  great  ufe  in  polifhing  metals,  and  the  glades  of 
telefcopes.  This  is  a different  fubftance  from 
glazier’s  putty,  which  is  made  of  whiting  pow- 
dered with  a fmall  quantity  of  white  lead,  and  fo 
much  oil  as  to  make  a fliff  pafte. 

The  briglitnefs  of  tin,  when  fcrapcd,  foon  goes 
off  by  expofure  to  the  air  : but  it  is  not  fubjeCt  to 
ruff. 

The  concentrated  fulphuric  acid  unites  with  tin, 
efpecially  with  affiftance  of  heat,  and  diffolves 
about  half  its  weight  of  tin,  at  the  fame  time  dis- 
engaging a ftrong  fulphureous  gas.  The  tin  falls 
down  in  the  form  of  a white  calx.  In  this  folu- 
tion  fulphur  is  formed,  which  renders  the  fluid 
of  a brown  colour  while  it  remains  heated,  but 

which  fubfides  when  it  cools.  Nitrous  acid  com- 
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bines  with  tin  moft  rapidly,  even  in  the  cold. 
This  is  probably  owing  to  the  ftrong  tendency 
which  tin  has  to  pure  air,  and  to  the  flighter  at- 
traction which  this  air  has  to  the  nitrous  gas. 
Moft  of  the  metal  falls  down  in  the  form  of  a 
white  calx : and  red  nitrous  gas  is  rapidly  difen- 
gaged.  This  calx  is  reckoned  the  moft  proper 

b'lfis 


1 68 


TIN. 


bafis  for  all  line  colours,  yet  difeovered.  It  is 
perfectly  white,  capable  of  being  reduced  to  an 
extreme  degree  of  finenefs ; and  is  unalterable 
by  alkalies,  acids,  or  the  fun  and  weather,  and 
even  by  the  heat  of  a burning  mirror.  But  it 
will  not  mix  with  fugar  of  lead,  cream  of  tartar 
calcareous  earths  and  fome  other  fubftances  ufed  in 
colour  making.  Marine  acid  unites  with  tin,  and 
takes  up  more  than  half  its  weight.  The  acid 
lofes  its  colour  and  property  of  fuming.  A flight 
effervefcence  takes  place,  and  difengages  a fetid 
inflammable  gas.  In  this  folution  there  is  no  pre- 
cipitate of  the  metal  as  in  the  former  calcs : but 
by  evaporatien  cryflals  are  formed  in  brilliant  and 
regular  needles  ; this  fait  called  fait  of  tin,  is  fome- 
times  ufed  in  manufa&ures  of  printed  cloths. 
The  fuming  liquor  of  Libavius  is  but  a folution 
of  tin  in  marine  acid,  prepared  after  a particular 
manner. 

Tin  is  diffolvcd  in  aqua  regia,  confiding  of  two 
parts  of  nitrous,  and  one  of  marine  acid,  and 
much  heat  produced.  In  order  to  obtain  a dur- 
able folution,  the  metal  is  to  be  added  by  de- 
grees, otherwife  part  of  it  will  be  calcined.  In 
this  manner  aqua  regia  will  dilfolve  half  its  weight 
of  tin..  The  folution  has  the  appearance  of  a 
brownifh  jelly.  It  is  ufed  by  dyers  to  heighten 
the  colours  of  cochineal,  gum  lac,  and  other  red 
tin&ures  from  crimfon  to  a bright  fcarlet,  in  the 
dyeing  of  woollens. 
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Pure  tin  is  ditto! ved  by  common  and  by  diftil- 
led  vinegar  in  conliderable  quantity,  even  al- 
though the  vinegar  be  diluted  with  water : ac- 
cording to  M.  Macquer.  The  detonation  of  this 
metal  with  nitre  is  very  rapid  : to  do  this,  it  is 
fufed  in  a crucible,  and  upon  it  is  thrown  fome 
very  dry  nitre  in  powder.  A white  and  brilliant 
flame  is  produced.  When  by  a farther  addition 
no  detonation  takes  place,  the  tin  is  entirely 
calcined. 

Tin  ealily  combines  with  fulphur,  by  throwing 
about  a fourth  part  of  powdered  fulphur  upon 
the  tin  in  fufion.  A brittle  mafs  is  formed,  dif- 
pofed  in  flat  needles  united  in  bundles.  This  me- 
tal may  be  combined  much  more  largely  with  ful- 
phur, by  amalgamating  the  tin  with  half  its 
weight  of  mercury,  and  by  mixing  with  this 
amalgam  when  cold  half  its  weight  of  fal-ammo- 
niac  and  half  its  weight  of  fulphur.  All  thefe 
ingredients  are  well  rubbed  together  and  put  into 
a retort.  If  the  heat  be  moderate,  and  not  con- 
tined  too  long,  gold  coloured  flakes  are  produced 
by  the  combination  of  tin  and  fulphur.  One 
hundered  parts  of  tin  contain  about  forty  of 
fulphur.  The  compoiition  is  called  aurum 
muflvum,  and  is  employed  by  artifls  to  brenze 
Ilatues. 

Tin  unites  more  or  lefs  with  the  metals : with 
mercury  it  readily  forms  an  amalgam : with 

arfenipif  combined  with  vegetable  alkali,  it  forms 
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a brittle  compound  of  a plated  texture.  It  is 
thought  that  all  tin  contains  fome  arfenic  which 
makes  it  dangerous  in  kitchen  utenfils.  But  the 
quantity  is  fo  exceedingly  fmall  that  little  is  to  be 
apprehended  from  the  ufe  of  tin  on  this  fcore, 
amounting  in  pure  tin  only  to  one  grain  in  a 
French  ounce,  or  little  more  than  the  fix  hun- 
dretli  part  of  the  whole.  Zinc  unites  with  tin 
very  well,  making  it  harder  and  more  brittle : 
and  is  one  of  the  principal  ingredients  with  tin 
in  the  compofition  of  pewter.  The  bed  pewter 
contains  fixteen  parts  in  twenty  of  tin  : the  re- 
mainder confid  of  the  metallic  part  of  antimony 
zinc,  copper,  bifmuth,  and  fucli  other  fub- 
itances  as  improve  the  hardnefs  and  colour.  But 
inferior  forts  of  pewter  contain  a good  deal  of 
lead : and  are  of  courfe  unfafe  for  domedic 

purpofcs. 

The  ufes  of  tin  are  very  numerous.  Se- 
veral of  thefe  have  been  already  mentioned. 
Among  others  the  iilvering  of  looking  glades, 
as  will  be  diewn  in  the  next  Chapter.  Alfo 
the  tinning  of  iron  and  copper  velfels,  which  is 
done  in  the  following  manner. 

Copper  may  be  tinned,  by  covering  the  cop- 
per with  a plate  of  tin  hammered  upon  it. 
But  the  common  method  of  tinning  conlids  in 
making  the  furface  of  the  copper  veflel  within 
quite  bright,  fcraping  it,  and  wafliing  it  with 
didolved  fal  ammoniac.  It  is  then  heated,  and 
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melted  tin  poured  into  it ; which  being  made  to 
flow  into  every  part  of  the  veflel,  unites  when  cold 
with  the  copper.  Refin  or  pitch  are  fometimes 
ufed,  to  prevent  the  tin  from  being  calcined,  and 
the  copper  from  being  fcaled. 

In  this  procefs,  a grain  of  tin  is  fpread  over 
three  or  four  fquare  inches.  This  covering  is 
very  thin.  A new  method  is  faid  to  have  been 
invented  at  Paris,  by  which  twenty  times  this 
quantity  may  be  laid  on.  Till  this  compofition 
is  better  known,  tin  ought  to  be  laid  on  in 
the  former  method  as  thick  as  poflible.  The 
veflels  ought  alfo  to  be  kept  conftantly  clean  : 
for  the  corrofion  of  tin  by  vinegar,  juice  of 
lemons,  and  other  acids  is  very  flight  and  imper- 
ceptible, unlefs  they  are  fuffered  to  lye  fome 
time  upon  ; it  and  even  copper  itfelf,  with  fuch 
care,  might  be  fafely  ufed,  efpecially  for  animal 
food. 

Iron  is  tinned  after  the  following  manner. 
Plates  of  iron  are  rolled  to  a proper  thicknefs. 
They  are  then  fteeped  in  a weak  acid  liquor, 
which  cleans  their  furfaces  from  rufl: ; for  rufl: 
is  the  earth  of  iron,  and  no  metal  will  combine 
with  an  earth.  Let  the  plates  then  be  fcoured 
quite  bright,  and  placed  in  a pot  filled  with 
melted  tin,  whofe  furface  is  covered  with 
fuet  or  pitch,  to  prevent  the  tin  from  being 
calcined.  The  tin  will  foon  cover  each  fide  of 
the  plates  with  a thin  white  coat.  They  are 

then 
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then  what  are  called  tin-plates.  In  the  fame 
way  ftirrups,  buckles  and  bridle  bits  are  co- 
vered with  coats  of  tin.  The  advantage  of 
this  is,  that  iron  is  apt  to  ruft,  but  tin  is 
not. 


CHAP. 


CHAP.  IX. 


Of  Mercury. 


Mercury,  which  is  alfo  called  Quick- 
silver, is  a metal  of  a blueifh  white  colour, 
heavier  than  any  other  of  the  metals,  except  gold 
and  placina  ; its  fpecific  gravity  being  1 3 J times 
that  of  water.  It  differs  from  all  other  metallic 
fubflances,  in  being  conflantly  in  a fluid  flate, 
unlefs  in  very  cold  climates,  or  congealed  by  ar- 
tificial cold : in  which  cafes  it  becomes  folid,  and 
fo  hard  as  to  bear  the  hammer.  This  was  ob- 
ferved  by  M.  Pallas  in  Siberia. 

Mercury  is  not  found  in  great  abundance  in 
nature.  Some  minerals  probably  contain  a por- 
tion of  it  undifcovered,  becaufe  in  working  them, 
the  mercury,  which  is  very  volatile,  flies  off  in 
vapour. 

Mercury  is  either  native,  or  mineralized  with 
other  fubflances,  efpecially  fulphur.  Native  mer- 
cury is  fometimes,  though  fcldom  found  in  its 

running 


r74 


MERCURY. 


running  ftate,  and  confiderably  pure.  In  com- 
bination with  fulphur  it  is  called  cinnabar , a red 
mineral  fubftance,  fometimes  intermixed  with 
earths  and  hones,  or  interfperfed  through  the 
ores  of  other  metals,  filver,  copper,  iron-pyrites, 
&c.  In  general  an  hundred  parts  of  cinnabar 
contain  about  eighty  of  mercury,  twenty  of  ful- 
phur. The  mines  of  Idria  in  the  Auflrian  do- 
minions, Almaden  in  Spain,  and  Guancavelica  in 
Peru,  are  the  principal  quickfilver  mines.  Native 
mercury  is  eafily  obtained  by  wafhing,  to  fepa- 
rate  it  from  the  earthy  and  other  fubftances  with 
which  it  may  be  mixed.  But  cinnabar  mull  be 
diflilled,  to  feparate  the  fulphur;  for  the  moft 
part  in  conjunction  with  lime,  which  lays  hold  on 
the  fulphur,  and  prevents  its  being  volatilized 
with  the  mercury.  If  the  cinnabar  ore  fhould 
contain  calcareous  earth,  the  addition  of  lime  is 
unneceffary.  The  finer  kinds  of  cinnabar,  being 
more  valuable  than  mercury,  are  not  wrought  to 
obtain  it;  but  are  either  ufed  in  medicine,  or  as 
a fine  paint  called  vennillion.  The  paint  of  this 
name  which  is  commonly  employed,  is  not  native, 
but  an  artificial  compound  of  mercury  and  melted 
fulphur.  There  is  alfo  another  compoiition  of 
mercury  and  fulphur,  equal  parts  of  each  in  a 
fluid  fiate,  which  being  triturated  together,  form 
a black  powder,  called  Ethiop' s mineral . 

Although  mercury  is  not  altered  by  expofure 
to  air,  yet  by  a rapid  and  continual  motion  it  is 
changed  to  a fine  black  powder  called  Ethiop’ s 

per 
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per  fe. — This  powder,  if  heated,  gives  out  vital 
air,  and  the  metal  is  revived. 

If  mercury  be  expofed  to  fuch  a heat,  in  open 
veffels,  as  to  make  it  rife  in  vapour,  it  becomes 
converted  into  a red  calx,  called  precipitate  per  fc  : 
in  clofe  veffels  it  boils  like  liquids. — The  vapour, 
when  confined,  produces  great  explofions. 

Mercury  combines  with  fulphuric  acid,  when 
concentrated  and  boiling.  If  one  part  of  the  for- 
mer, with  about  two  of  the  latter,  be  heated  in  a 
retort,  the  furface  of  the  mercury  becomes  white, 
and  a powder  of  the  fame  colour  is  feparated  from 
it,  fulphureous  gas  being  difengaged  in  abun- 
dance— when  this  ceafes  to  come  over,  the  refidue 
appears  to  be  a white  mafs,  the  greateft  part  of 
which  is  the  calx  of  mercury,  the  reft  a fait  called 
vitriol  of  mercury.  If  this  fait  be  diffolved  in 
boiling  water,  the  undiffolved  calx  alfumes  a bright 
lemon  colour,  and  is  called  turbith  mineral:  it  is 
ufed  in  medicine,  and  is  alfo  capable  of  making  a 
fine  paint.  The  fait  aifo  depofits  the  fame  pow- 
der, by  adding  a large  quantity  of  hot  water. — 
The  fixed  alkalies,  lime  and  magnefia,  decompofe 
mercurial  vitriol,  precipitating  the  mercury  from 
its  folution. 

Mercury  is  difTolved  by  nitrous  acid,  even  in 
the  cold ; the  colour  of  the  acid  becoming  green 
during  the  efcape  of  the  nitrous  gas.  A calx  is 
precipitated,  like  the  former,  by  the  addition  of 
hot  water,  and  is  called  nitrous  turbith — the  folu- 
tion is  cauflic,  and  forms  a black  fpot  upon  the 
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fkin. — When  all  the  mercury  that  can  be  dif- 
folved  by  heat  is  taken  up,  it  affumes  the  appear- 
ance of  a faline  fubflance,  and  has  the  name  of 
mercurial  nitre — if  this  be  expofed  to  a long  con- 
tinued heat,  it  becomes  a powder  called  red  pre- 
cipitatehaving  the  fame  properties  with  precipi- 
tate per  fe. — Nitrous  folution  of  mercury  is  a 
good  tefl  of  mineral  waters,  which  may  contain 
any  of  the  alkalies,  lime,  magnefia,  barytes,  ful- 
phuric  acid,  or  any  falts  of  which  this  acid  makes 
part ; for  all  thefe  precipitate  the  mercury  in 
different  calces,  white,  yellow,  dark  grey,  &c. 

The  marine  acid  does  not  aft  upon  mercury, 
in  its  metallic  flate,  although  it  has  a flronger 
affinity  to  it  in  the  flate  of  a calx,  than  the  other 
acids  ; as  is  evident  from  its  power  of  decompofing 
the  folutions  of  it  in  either — in  this  cafe  it  attrafts 
the  mercury,  and  precipitates  it  in  the  form  of  a 
powder,  called  white  precipitate . — If  the  acid  and 
calx  meet  in  the  form  of  a vapour,  they  form 
corrofivc  fnblimate  : which  may  be  made  in  feve- 
ral  ways,  and  among  thefe  the  following — let 
equal  quantities  of  calx  of  mercury,  common  fait, 
and  martial  vitriol,  be  expofed  to  a moderate  heat : 
the  fulphuric  acid  decompofes  the  common  fait, 
fetting  free  the  marine  acid,  which  rifes  in  vapour 
with  the  calx,  to  the  top  of  the  veffel,  and  forms 
the  fublimate.  If  with  this  be  triturated  fluid 
mercury,  added  by  little  at  a time,  until  no  more 
can  be  abforbed,  the  compolition  is  what  is  called 
calomel , or  fweet  mercury.  A little  water  fhould 

be 
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be  ufed  in  this  procefs,  to  prevent  the  noxious 
duft  of  the  fublimate  from  riling. 

There  is  another  important  preparation  of  mer- 
cury with  antimony.  Two  parts  of  corrofive 
fublimate  are  mixed  with  one  of  crude  antimony 
(which  confifts  of  fulphur  united  to  the  metal) 
and  are  diftilled  together  : the  marine  acid  quit- 
ting the  fublimate  will  lay  hold  on  the  regulus  or 
metallic  part  of  antimony  and  rife  in  a compound 
called  Butter  of  Antimony , while  the  fulphur 
uniting  with  the  mercury  forms  Cinnabar.  By  a 
fimilar  procefs  may  be  made  Butter  of  Arfcnic , 
Butter  of  Bifmuth , &c.  When  butter  of  anti- 
mony is  thrown  into  diftilled  water,  the  calx  of 
antimony  precipitates  in  Emetic  powder,  or  Pow- 
der of  A Igaroth,  from  the  name  of  a phyfician, 
who  employed  it  as  a medicine  : it  is  a ftrong 
purgative  as  well  as  emetic.  Mercury  combines 
with  oils  by  trituration,  and  forms  with  them  va- 
rious ointments  of  a black  or  deep  blue,  much 
ufed  in  furgery. 

It  unites  well  with  mod  metals,  particularly 
with  gold  and  filver,  as  was  fliewn  in  another 
place.  In  working  the  mines  of  thefe  precious 
metals  its  ufe  is  indifpenfable,  and  great  quantities 
of  it  areconfumed  in  this  way.  Its  combinations 
with  the  metals  are  called  Amalgams,  of  which 
fome  inftances  have  been  given  below.  An  amalgam 
with  tin  is  ufeful  in  filvering  looking-glaftes,  which 
is  done  thus : tin  foil  is  fpread  fmoothly  upon  a flat 
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table,  and  fome  mercury  being  poured  on,  is 
gently  rubbed,  and  fpread  uniformly  over  the 
furface.  A plate  of  glafs  is  then  cautioufly  Hid 
upon  this  coat  in  fuch  a manner,  as  to  fweep  off 
any  redundant  mercury,  and  weights  are  laid 
upon  the  plate  for  fome  time ; by  means  of  which 
the  amalgam  adheres  firmly  to  the  glafs,  even 
after  their  removal.  About  two  ounces  of  mer- 
cury cover  three  fquare  feet  of  glafs. 

Mercury  is  reckoned  pure,  if  it  be  perfe&ly 
fluid,  if  it  forms  into  fmall  round  globules,  if  it 
is  without  fcum  on  its  furface,  and  if  it  does  not 
foil  the  fingers  in  handling.  The  ufes  of  mercury 
are  numerous ; feveral  of  which  have  been  al- 
ready mentioned,  fuch  as  the  working  of  gold 
and  filver  mines ; forming  various  amalgams  for 
gilding,  filvering,  &c. ; copftru&ing  thermometers 
and  barometers ; and  in  medicine,  where  its  ap- 
plication is  mofl  powerful  and  extenfive,  but 
fhould  be  admitted  with  great  caution  and  ikill. 
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Of  Zinc . 


Zinc  is  a femi-metal  of  a blueifli  white  colour 
like  lead,  though  fomewhat  brighter,  of  a fpeci- 
fick  gravity,  little  above  7 times  that  of  water. 
It  is  hard,  fonorous,  and  in  a flight  degree  mal- 
leable : it  cannot  eaflly  be  reduced  to  fmall  grains, 
unlefs  by  pouring  it  when  fufed  into  cold  water, 
nor  into  a powder  unlefs  nearly  melted.  It  melts 
with  a moderate  heat,  and  is  the  mod  volatile  of 
all  metallic  fubftances  except  arfenic.  When 
melted  in  contact  with  air,  it  becomes  covered  with 
a grey  pellicle ; and  when  urged  with  a ftronger 
heat,  it  burns  with  a green  or  yellowifli  blue 
flame,  and  at  the  fame  time  light  white  flakes 
called  flowers  of  zinc,  are  fublimed : both  the 
grey  and  white  powders  are  calces  of  zinc  but  in 
the  latter  cafe  the  metal  is  more  calcined  than  in 
the  former.  The  calx  of  zinc  is  not  volatile,  but 
by  a very  flrong  heat  may  be  converted  into  a 
clear  yellow  glafs. 
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Zinc  is  very  fcldom  found  native ; but  for  the 
molt  part  in  the  ffcate  of  a calx.  Its  principal  ore 
in  this  date  is  Lapis  Calaminaris  or  Cala?nine , of 
different  forms  and  colours  ; containing  iron,  clay, 
calcareous  and  other  earths,  and  lead.  Another 
ore  of  it  is  Blende , called  alfo  mock-lead  or  black 
jack,  confiding  of  zinc  mineralized  with  fulphur. 
This  is  often  midaken  by  inexperienced  fmelters 
for  lead  ore.  So  calamine  in  its  appearance  can 
fometimes  hardly  be  didinguidied  from  limedone, 
but  it  is  twice  as  heavy.  Zinc  is  alfo  found  mi- 
neralized with  fulphuric  acid  : this  ore  is  called 
White  Vitriol  or  Vitriol  of  Zinc.  Calamine  ores 
are  treated,  by  roading  for  the  purpofe  of  driving 
off  any  fulphurcous  or  other  volatile  matters  y 
then  by  carefully  picking  out  all  foreign  fub- 
dances ; then  grinding  to  a fine  powder,  and 
wafhing  this  is  in  water  to  carry  off  the  light  earthy 
particles.  In  this  condition  it  is  dt  for  the  brafs- 
makers. 

The  manner  of  making  brafs  with  calamine  has 
been  already  fhewn  under  the  head  of  copper : 
but  a further  improvement  is  made,  by  mixing 
calamile  and  charcoal  with  moidened  clay,  ram- 
ming this  mixture  to  the  bottom  of  the  melting 
pot,  and  placing  the  copper  along  with  charcoal 
upon  the  clay.  When  the  fire  is  applied,  the 
vapour  of  the  reduced  calamine,  or  zinc,  makes 
its  way  through  the  clay  to  the  copper,  while 
the  iron  or  lead  contained  in  the  calamine,  not 
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being  To  volatile,  remain  behind.  By  this  pro- 
cefs  the  brafs  is  confiderably  pure. 

Black  jack  is  not  fo  commonly  ufed  for  making 
brafs  as  calamine : yet  it  is  thought  by  fome  very 
well  adapted  to  this  purpofe,  with  proper  ma- 
nagement. 

Befide  brafs,  a combination  of  zinc  and  copper 
makes  tombac  or  pinchbeck,  which  imitates  the 
colour  of  gold,  but  is  not  fo  malleable  as  brafs. 
Different  proportions  of  the  two  metals  in  this 
mixture  are  affigned : but  that  mofl  generally 
admitted  is  three  parts  of  zinc  to  four  of  cop- 
per. 

Zinc  is  obtained  from  its  ore  of  calamine  in  the 
following  manner.  Pots  are  placed  in  a circular 
oven,  through  the  bottoms  of  which,  and  alfo  the 
floor  of  the  oven,  iron  tubes  are  made  to  pafs  into 
ci  vefl’el  of  water  : the  pots  are  filled  with  calamine 
and  charcoal,  and  the  mouth  of  each  flopped 
dole  with  clay  ; when  the  fire  is  applied,  the  me- 
tallic vapour  of  the  reduced  calamine,  or  zinc, 
iffues  through  the  tube  and  is  condenfed  in  finall 
particles  in  the  water.  Thefe  are  afterwards 
melted,  and  formed  into  ingots,  and  fold  under 
the  names  of  zinc  or  fpelter  : but  the  fubflancc 
fometimes  fold  under  the  latter  name  is  a kind  of 
foft  brafs  in  the  form  of  grains,  which  is  ufed 
by  braziers  and  others  for  foldering. 

If  zinc,  after  it  has  been  obtained  from  its  ores, 
ftiould,  as  is  often  the  cafe,  contain  lead,  iron 
or  other  metals,  it  may  be  purified  by  melting  it 
with  fulphur  and  fome  fat  fubflance  to  prevent 
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its  calcination  : the  fulphur  will  lay  hold  on  the 
other  metals,  forming  with  them  a fort  of  fcoria 
or  fcum  on  the  furface  which  muff  be  taken  off. 

Zinc  unites  with  molt  metals : its  union  with 
tin  makes  a conllderable  part  in  the  compofition 
of  pewter,  as  was  obferved  before. 

Zinc  is  diflolved  by  fulphuric  acid  diluted  with 
water,  much  inflammable  air  being  at  the  fame 
time  difengaged,  and  the  temperature  of  the  acid 
encreafed.  But  as  the  combination  goes  on,  the 
temperature  diminiflies,  and  the  fait  begins  in 
confequence  to  fonn  in  four  fided  cryftals.  This 
fait  is  called  vitriol  of  zinc,  being  the  fame  with 
the  ore  of  that  name.  The  fame  fait  may  alfo 
be  procured  from  fuch  ores  of  zinc  as  are  miner- 
alized with  fulphur,  by  roafting  the  ore  fo  as  to 
burn  the  fulphur  ; for  fulphuric  acid  will  be  thus 
obtained,  which  diflolves  the  calx  of  zinc,  and 
by  walking  oflf  the  fait  from  the  ore,  and  by 
evaporation,  it  forms  into  chryftals.  The  nitrous 
and  marine  acids  alfo  aft  upon  zinc  ftrongly  : the 
former  folution  is  very  cauftic,  and  alfords  cryf- 
tals which  flightly  detonate : the  latter  does  not 
cryftallize. 

The  ufes  of  this  femi-metal  are  chiefly  for  ma- 
king brafs  and  other  mixtures.  It  is  iuggefled  that 
it  may  be  employed  to  advantage  in  lining  copper 
veflels  in  the  place  of  tin  ; but  this  matter  has  not 
been  yet  fufficiently  afcertained.  Its  calces  are 
fometimes  employed  in  fire-works : and  both 

thefe  and  its  baits  in  medicine. 
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It  fhould  be  obferved  that  zinc  is  fometimes  ob- 
tained from  what  is  called  Cadmia  Fornacum , or 
the  Cadmia  of  the  Furnaces ; which  is  a fublimate 
of  zinc  that  adheres  to  the  walls  and  chimneys  of 
furnaces  during  the  fmelting  of  lead,  iron  or 
other  ores,  in  which  a portion  of  zinc  is  con- 
tained. 


CHAP. 


CHAP.  XL 


Of  Antimony* 


Antimony  is  a femi-mctal  of  a whitilh  colour 

like  tin  or  filver  near  five  times  as  heavy  as  water: 
very  brittle,  and  of  a plated  or  fcaly  texture.  In 
a ftrong  fire  it  is  volatile,  and  volatilizes  part  of 
other  metals,  except  gold  and  platina.  With  a 
moderate  heat  it  is  calcined  into  a light  grey  calx: 
and  by  continuing  and  raifing  the  heat,  it  fub- 
limes  in  white  fumes,  which  may  afterwards  be 
fufed  into  glafs  : they  are  called  argentine  flowers 
of  regulus  of  antimony. 

Antimony  is  fometimes  found  native,  but  for 
the  mod  part  mineralized  with  fulphur.  It  mufl 
be  carefully  obferved  that  this  ore  is  generally 
though  improperly  called  antimony,  and  the  femi- 
metal  itfelf  is  called  regulus.  The  ore  is  of  a 
dark  grey,  fometimes  mixed  with  lead  and  iron. 
Regulus  of  antimony  is  obtained  by  heating  the 
pounded  ore  till  it  melts : the  fulphur  and  other 
volatile  matters  fly  off,  and  the  regulus  becomes 
calcined.  In  thisprocefs  fome  part  of  the  fulphur 
remains  combined  with  the  calx  ; and  when  this 
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calx  fufes  into  a glafs,  it  is  more  or  lefs  tranfpa- 
rent  according  to  the  dilTipation  of  the  fulphur 
as  well  as  the  degree  of  calcination.  If  much  ful- 
phur be  remaining,  the  glafs  is  of  a dark  red  co- 
lour ; whence  it  is  called  Liver  of  Antimony. 
The  fulphur  is  belt  feparated  by  acids,  particu- 
larly the  nitrous  acid  and  aqua  regia  ; which  dif- 
folve  the  regulus,  and  leave  the  fulphur. 

The  calx  of  antimony  may  be  reduced  to  the 
regulus  by  heating  with  it  in  a crucible  an  equal 
weight  of  black  flux  with  a little  black  foap  : the 
alkali  contained  in  thefe  matters  unites  with  the 
fulphur  in  the  calx,  while  the  charcoal  aflifts  the 
reduction  of  the  metal : thus  at  once  reviving  and 
purifying  the  regulus.  This  procefs  fucceeds  bed 
in  clofe  veflels. 

Regulus  of  antimony  is  partly  diflolved  by  con- 
centrated fulphuric  acid  boiled  flowly  upon  it, 
but  the  greateft  part  is  reduced  to  an  infoluble 
calx.  The  former  gives  the  fait  called  Vitriol  of 
Regulus , which  does  not  cryflallize.  In  this  pro- 
cefs much  fulphureous  gas  efcapes,  and  fome  ful- 
phur is  fublimed. 

Nitrous  acid  afts  ftrongly  upon  regulus  of  an- 
timony even  in  the  cold,  diflolving  a portion  and 
calcining  the  greateft  part.  The  fait  in  this  cafe 
is  the  Nitre  of  Regulus.  The  marine  acid  does 
not  aft  well  upon  it  in  the  liquid  date,  but  muft 
for  this  purpofe  be  combined  with  fome  metallic 
bafis,  as  for  inftance  combined  with  mercury  in 
the  form  of  corrofive  fublimate.  If  this  fublimate 
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be  diflilled  with  the  regulus,  the  marine  acid  will 
leave  the  mercury,  and  will  unite  with  the  regu- 
lus, coming  over  together,  and  forming  butter 
of  antimony,  as  was  lhewn  in  another  place. 
Aqua  regia  diflolves  the  regulus  better  than  either 
of  the  fimple  acids  which  compofe  it : it  feems  to 
be  the  proper  medium  between  the  rapid  a&ion 
of  the  nitrous  acid  which  calcines  too  fall,  and 
the  too  flow  operation  of  the  marine  acid. 

Regulus  of  antimony  decompofes  feveral  neu- 
tral falts,  of  which  nitre  deferves  molt  notice.  If 
equal  parts  of  regulus  and  nitre,  or  three  parts 
of  nitre  with  one  of  crude  antimony  be  thrown  in- 
to a red  hot  crucible,  a detonation  takes  place, 
and  the  refidue  confiding  of  vegetable  alkali  and 
calx  of  antimony  is  known  by  the  name  of  dia- 
phoretic antimony  a powerful  medicine. 

There  are  feveral  other  preparations  of  antimo- 
ny, of  which  the  two  following  are  chiefly  in  ufe, 
antimonial  wine  and  emetic  tartar. 

Antimonial  Wine  is  prepared  by  infufmg  pow- 
dered glafs  of  antimony  in  white  wine : a fmall 
quantity  is  taken  up,  more  or  lefs  as  the  wine  is 
more  or  lefs  acid.  The  infufion  is  to  (land  for 
fome  days ; after  which  the  fluid  mull  be  careful- 
ly decanted  and  flltred  through  paper. 

Emetic  Tartar  is  prepared  by  throwing  equal 
quantities  of  crude  antimony  and  nitre  into  a cru- 
cible heated  to  a white  heat.  The  melted  mixture 
is  then  poured  out,  and  being  carefully  fkimmed 
is,  when  cold,  reduced  to  a very  fine  powder, 
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which  is  repeatedly  wafhed  and  boiled  in  water, 
till  it  becomes  infipid.  Equal  quantities  of  this 
powder,  and  of  the  cryftals  of  cream  of  tartar 
are  boiled  together  in  water  for  half  an  hour,  al- 
lowing three  pints  of  water  to  each  pound  of  mix- 
ture. The  liquor  is  then  filtred  evaporated  and 
cryftallized : and  the  fait  refulting  is  the  emetic 
or  antimoniated  tartar,  and  is  thought  to  be  one 
of  the  fafeft  preparations  of  antimony. 

This  femi-metal  combines  with  moft  other  me- 
tallic fubrtances : its  combinations  have  been 

fhewn  in  fome  of  the  moft  important  inftances. 
The  ufes  of  antimony  are  numerous  ; it  is  employ- 
ed in  metallic  fpecula  to  give  the  compofition  a 
finer  texture : it  is  ufed  in  the  compofition  of 
printing  types,  bell  metal,  pewter,  fmall  fhot 
&c.  it  aflifts  in  the  carting  of  cannon,  and  is  em- 
ployed in  purifying  gold : its  application  in  medi- 
cine is  alfo  extenrtve. 
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CHAP.  XII. 


Of  Bifmuth. 


Bismuth  is  a femi-metal,  of  a yellowifli  white 
colour,  very  heavy,  having  near  nine  times  the 
weight  of  water,  and  fcarcely,  if  at  all  malleable, 
being  eafily  broken,  and  even  reduced  to  powder 
by  the  hammer.  With  a moderate  heat  it  melts, 
and  its  furface  becomes  covered  with  a greenifh, 
grey,  or  brown  calx.  A ftronger  heat  caufes  it 
to  burn  with  a fmall  blue  flame  \ at  the  fame  time 
that  a yellowifli  calx  is  driven  up  by  the  force  of 
cumbuftion,  known  by  the  name  of  Flowers  of 
Bifmuth.  This  calx  is  not  volatile,  but,  when 
expofed  alone  to  the  a&ion  of  fire,  is  fufed  into  a 
greenifh  glafs.  In  clofe  veflels,  this  femi-metal 
entirely  fublimcs.  Bifmuth  is  often  found  in  a 
metallic  form  in  nature : this  is  known  by  its 
colour,  by  its  foftnefs,  which  is  fuch,  that  it  may 
be  cut  with  a knife,  and  by  its  fufibility.  It  is 
found  too,  mineralized  with  arfenic  or  fulphur. 
Bifmuth  is  alfo  found  in  the  form  of  a calx,  a 
powder  of  a greenifh  yellow'. 
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Bifmuth  is  eafily  feparated  from  its  ores  by 
fufing  the  ore  upon  wood,  and  letting  the  melted 
metal  fall  through  the  wood  into  a hole  made  in 
the  ground. 

Bifmuth  is  a little  tarnilhed  by  the  air,  but  is 
not  attacked  by  water. 

Sulphuric  acid,  concentrated  and  boiling,  a£te 
in  fome  degree  upon  bifmuth,  giving  partly  a 
white  calx,  and  partly  a fait  called  Vitriol  of  Bif- 
muth. The  nitrous  acid  dilfolves  bifmuth  with 
great  rapidity.  If  to  this  folution  we  add  water, 
the  calx  of  bifmuth  falls  to  the  bottom,  in  the 
form  of  a white  powder  called  white  paint , or 
niagi/lery  of  bifmuth:  with  a good  deal  of  water 
this  is  very  white  and  fine.  It  is  ufed  to  whiten 
the  fkin,  but  blackens  it  when  near  to  odorous  or 
cumbufiible  bodies.  The  ufe  of  any  paint  probably 
injures  the  Ikin ; and,  from  the  refemblance  of 
this  femi-metal  to  lead,  there  is  reafon  to  fufpeft 
that  its  calx  is  attended  with  fimilar  noxious  ef- 
fects to  thofe  occafioned  by  the  calx  of  lead. 
The  marine  acid  does  not  aft  ftrongly  upon  bif- 
muth, unlefs  when  concentrated,  and  diftilled  in  a 
large  quantity  upon  it.  The  fait  refulting  is  of  a 
foft  kind,  and  is  called  Butter  of  Bifmuth. 

This  femi-metal  unites  with  mod  metallic  fub- 
ftances,  and  renders  them  in  general  more  fufible. 
Glafs  of  bifmuth,  efpecially  when  combined  with 
copper,  poflcffes  very  flrong  diffolving  powers, 
and  may  be  ufed  with  advantage  in  the  cupella- 
tion  or  procefs  of  refining  the  perfect  metals. 
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Bifinuth  is  alfo  extremely  ufeful  in  forming  fol- 
ders, on  account  of  its  flowing  thinner  and  more 
caflly  than  any  of  the  metallic  fubftances,  and  of 
its  communicating  thefe  properties  to  all  the  other 
metals  with  which  it  is  united : fo  that  the  work 
to  be  foldered  fuffers  no  damage  from  the  mode- 
rate heat  required  to  melt  the  folder,  while  the 
thinnefs  of  the  melted  matter  infinuates  into  the 
fmallefl:  crevices  of  the  fides  to  be  joined.  Bif- 
muth,  for  the  fame  reafon,  is  of  great  fervice 
in  the  compofition  of  printing  types ; cauflng 
thefe  to  take  off  the  greatefl  (harpnefs  and 
precifion  from  the  moulds  in  which  they  are 
caft.  And  thefe  impreflions  are  rendered  ftill 
more  accurate  by  another  property  of  this  femi- 
metal,  which  is,  that,  while  it  cools,  it  encreafes 
in  bulk ; which  no  other  metallic  fubftance,  ex- 
cept iron,  is  known  to  do. 

Such  are  the  important  ufes  of  this  femi-metal : 
to  which  we  may  add,  that  it  is  employed  in  the 
compofition  of  pewter,  and  other  metallic  mix- 
tures ; and  alfo,  that  when  it  is  reduced  to  a 
pow'der,  and  applied  with  the  whites  of  eggs  to 
wrood,  it  gives  it  the  appearance  of  being  filvered. 
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Arsenic.,  fometimes  called  Regulus  of  Arfe. 
nic,  is  a femi-metal,  of  a yellowifti  white  colour, 
having  a fpecific  gravity  more  than  5^  times  that 
of  water,  fubjeft  to  tarnifh  by  expofure  to  the 
air:  when  very  pure,  the  colour  is  a blueilh 
white.  It  fublimes  with  heat  in  clofe  veflfels,  but 
in  the  open  air  burns  with  a flight  flame,  and  is 
the  molt  volatile  of  all  metallic  fubftances.  Its 
fumes  have  a ftrong  fmell  of  garlic,  particularly 
when  burnt  with  charcoal. 

Arfenic  is  often  found  native,  having  the  me- 
tallic luftre,  and  compofed  of  fmall  fcales  ; or  in 

black  mafles,  not  brilliant,  but  very  heavy ; in 
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this  lafl:  Hate  it  is  diftinguilhed  by  its  weight. 
Sometimes  it  is  found  in  the  ftate  of  a white 
calx,  in  the  form  of  flowers,  and  mixed  with  fome 
earths.  Again,  it  is  often  united  with  fulphur, 
compofing  wfliat  are  called  orpiment , a bright  yel- 
low, and  realgar , a fcarlet  red : thefe  two  fub- 
ftances 
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fiances  differ  in  the  proportions  of  their  ingre- 
dients ; the  former  containing  four  parts  of  ful- 
phur  to  one  of  arfenic  ; the  latter  four  of  arfenic 
to  one  of  fulphur.  Orpiment  is  changed  to 
realgar  by  a greater  degree  of  heat ; probably 
becaufe  a large  quantity  of  fulphur  is  driven  off. 
Another  mineral  of  arfenic  is  Mifpikel,  or  arfe- 
nical  pyrites,  where  the  femi-metal  is  found  com- 
bined with  iron ; it  is  alio  fometimes  united  with 
cobalt,  antimony,  tin,  copper,  and  filver. 

The  arfenic  met  with  in  commerce  is  the  white 
calx  before  mentioned  : it  is  chiefly  brought  from 
the  cobalt  works  in  Saxony,  where  it  is  driven  off 
by  long  roafting  in  furnaces  with  horizontal  chim- 
neys, and  condenfed  into  a grey  powder.  This 
is  refined  by  a fecond  fublimation  in  clofe  veffels, 
with  a little  potafh  to  detain  the  impurities.  It 
has  a very  ffrong  and  cauffic  taffe,  and  is  a violent 
poifon.  The  fymptoms  attending  this  are,  a dry- 
nefs  of  the  mouth,  roughnefs  of  the  throat,  pains 
in  the  ftomach  and  bowels,  vomitings,  cold  fweats, 
convulfions,  &c.  As  antidotes  to  this  poifon, 
mucilaginous  drinks,  milk,  fweet  oils,  whites  of 
eggs,  and  fuch  like  are  adminiftered.  Calcareous 
liver  of  fulphur,  containing  a little  iron,  is  alfo  re- 
commended ; and,  when  the  firff  fymptoms  are 
over,  the  ufe  of  fulphurcous  mineral  waters. 

If  the  calx  of  arfenic  be  mixed  with  black  foap 
into  the  confidence  of  a paffe,  and  expofcd  at  firff 
to  a gentle  heat,  which  muff  afterwards  be  en- 

creafed. 
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ereafed,  the  metal  is  revived  in  the  form  of  a 
fublimate  at  the  top  of  the  veffel. 

Sulphuric  acid,  if  concentrated  and  boiling,  dif- 
folves  this  femi-metal ; but  when  the  folution  be- 
comes cold,  the  calx  is  precipitated.  The  nitrous 
acid  calcines  the  femi-metal,  and,  if  aflifted  by 
heat,  alfo  diffolves  the  calx.  The  marine  acid, 
with  affiftance  of  heat,  diffolves  both  calx  and 
femi-metal. 

By  diftillation  the  nitrous  acid  converts  the  calx 
of  arfenic  into  an  acid  called  the  Arfenic  Acid  ; 
the  fame  thing  is  done  by  dephlogifticated  marine 
acid : both  effe&s  feem  owing  to  the  attraction 
which  the  calx  has  for  vital  air ; and  this  acid 
may  by  a very  ftrong  heat  be  changed  back  again 
into  the  calx.  And  hence  appears  the  realon  why 
arfenic  is  fometimes  confidered  as  a faline  fub- 
ftance,  fometimes  as  a metallic : but  at  prefent  it 
is  generally  reckoned  in  the  latter  clafs.  The 
arfenic  acid  aCts  upon  molt  metallic  fubftances.  If 
the  calx  of  arfenic  be  combined  with  the  vege- 
table alkali,  which  may  be  done  by  throwing  a 
mixture  of  the  arfenic  and  nitre  into  a red-hot 
crucible,  the  refult  will  be  what  is  called  arfenical 
neutral  fait:  it  fufes  more  eafily,  and  is  more 
foluble  in  water  than  the  calx : it  cannot  be  de- 
compofed  by  any  pure  acid. 

The  calx  of  arfenic  unites  well  with  fulphur, 
forming  artificial  orpiment  and  realgar.  It  alfo 
combines  well  with  mineral  fubfiances ; in  fuch, 
however,  as  polfefs  metallic  brilliancy,  it  is 
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probable  that  arfenic,  if  combined,  is  in  the  me- 
tallic form.  Its  union  with  copper  gives  the 
compofition  called  white  tombac . The  other  com- 
binations have  not  yet  been  fo  far  brought  into 
ufe,  as  to  obtain  diftinCt  names. 

Arfenic  is  employed  in  feveral  arts.  In  oil- 
painting  orpiment  and  realgar  are  ufed ; and  a 
very  beautiful  green  paint  may  be  precipitated 
from  blue  vitriol  by  a folution  of  arfenic  calx  in 
water  along  with  vegetable  alkali : in  dyeing  it  is 
employed  with  fulphur  to  diffolve  indigo  for 
printing  cloth : in  glafs  manufactories  it  is  alfo 
fometimes  an  ingredient,  but  the  glafs  becomes 
liable  to  be  tarniflied  by  air ; and  it  enters  into 
metallic  combinations,  wherein  a white  colour  is 
required. 


CHAP. 


ciiap.  xiv. 


Of  Cobalt  and  Nickel . 


Cobalt  is  a femi-metal,  of  a whitifh  grey 
colour,  inclining  to  red,  nearly  eight  times  as 
heavy  as  water,  of  a fine  and  compaft  grain, 
hard,  brittle,  and  reducible  to  a powder  by  pound- 
ing. It  requires  a great  heat  to  fufe,  and  can- 
not be  volatilized  with  any  degree  of  it  afforded 
by  furnaces.  It  is  tarnifhed  a little  by  air,  but 
not  a&ed  upon  by  water.  It  is  attracted  by  the 
magnet. 

Cobalt  is  found  either  in  the  ftate  of  a fimple 
calx,  or  in  that  of  an  ore  united  with  arfenic.  As 
a calx  it  is  known  by  its  red  colour,  and  is  for 
the  moff  part  in  the  form  of  flowers  called  Flowers 
of  Cobalt.  Its  ores  are  either  of  a whitifh  grey 
colour,  or  the  black  ore  of  cobalt.  By  fome 
chemifts  it  is  fuppofed,  that  with  the  former, 
arfenic  in  the  metallic  ftate  is  combined,  and  in 
the  flate  of  a calx  with  the  latter. 

The  manner  of  treating  ores  of  cobalt  is  by 
wafhing,  pounding,  and  roafiing  them,  for  the 
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purpofe  of  feparating  the  arfenic,  which  is  col- 
letted  in  a long  horizontal  chimney.  Should  any 
bifmuth  be  contained  in  the  ore,  it  is  feparated  at 
the  fame  time  by  its  great  fufibility,  and  falls  in  a 
melted  ftate  to  the  bottom  of  the  furnace.  The 
cobalt  remains  behind  in  the  form  of  a dark  calx 
called  zajfre.  This  is  mixed  with  about  three 
times  its  weight  of  powdered  flints ; and  the  mix- 
ture being  fufed  with  about  one  fourth  part  of 
potafli,  produces  a dark  blue  glafs  called  fmalt. 
By  the  fame  method  cobalt  may  be  eflayed.  The 
fmalt  being  thus  obtained,  is  pounded  to  a very 
fine  powder,  or  ground  in  mills,  and  is  afterwards 
vvaflied  in  a veflel  of  water,  which  has  three 
apertures  at  different  heights,  but  flopped  during 
this  part  of  the  procefs.  When  the  water  is  fit 
to  be  drawn  off,  it  is  let  out  at  the  higheft  aper- 
ture, and  contains  the  fineft  powder  of  all,  becaufe 
the  groffeft  and  weightieff  parts  have  defeended 
to  the  bottom  ; and  fo  on  in  the  feveral  grada- 
tions to  the  lowed:,  yielding  azures  of  the  firff, 
fecond,  and  third  fires.  The  fineft  azure  is  em- 
ployed in  feveral  arts,  to  give  a blue  colour  to 
metals,  glaffes,  porcelain,  and  for  other  beau- 
tiful enamels.  The  coarfelt  is  ufed  in  walking 
clothes,  under  the  name  of  powder  blue  or  Jlone 
blue. 

Sulphuric  acid,  if  concentrated  and  boiling, 
combines  with  cobalt,  calcining  part,  and  diffolv- 
ing  part,  fo  as  to  form  a cryftallizable  fait.  The 
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acid  diluted  a<ds  upon  the  calx,  and  yields  the 
fame  fait.  Nitrous  acid  alfo  combines  with  the 
femi-metal,  with  the  afliltance  of  moderate  heat. 
But  the  marine  acid  has  fcarcely  any  action  on 
the  femi-metal,  although  it  has  fome  on  its  calx. 
Aqua  regia  diflolves  cobalt,  forming  what  is  called 
fympathetic  ink.  If  this  be  diluted  with  a proper 
quantity  of  water,  the  characters  written  with  it 
become  invifible,  when  the  folution  dries ; but 
being  afterwards  held  a fhort  time  to  the  fire, 
they  appear  legible,  of  a fine  green  colour, 
which  again  difappears  by  fuffering  the  paper  to 
cool.  The  fame  effeCt  takes  place  by  rubbing 
over  the  writing  a folution  of  liver  of  fulphur  in 
water. 

Cobalt  is  of  no  other  known  ufe,  than  thofe 
already  mentioned,  in  which  the  calx  is  em- 
ployed. The  reducing  of  this  femi-metal  is 
therefore  not  yet  applied  to  pra&ice. 

Nickel  is  a femi-metal,  of  a whitilh  brilliant 
colour,  inclining  to  red,  nearly  eight  times  as 
heavy  as  water ; hard  and  uniform  in  its  texture, 
duClile  and  malleable,  and  requires  an  intenfe 
heat  to  bring  it  to  fufion.  It  is  for  the  mod  part 
united  almoft  infeparably  with  arfenic,  cobalt, 
and  iron,  particularly  the  laft  ; and  being  more 
and  more  magnetical,  as  the  precedes  to  feparate 
thefe  multiplied,  was  thought  by  fome  chemifis 
not  to  be  a didinCf  metal,  but  a combination  of 
others,  in  which  iron  predominated.  But  this 
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opinion  is  not  generally  received,  becaufe  nickel 
poffeffcs  different  properties  from  any  fuch  com- 
bination that  has  ever  been  made. 

The  ores  of  nickel  have  a red  copper  colour, 
which  has  fometimes  given  it  the  name  of  falfe 
copper,  and  are  often  mixed  with  the  grey  ore 
of  cobalt : from  which  it  can  be  diflinguiflied 
only  when  thefe  colours  are  fufficiently  ftrong ; 
or  by  a flight  green  on  the  furface  of  nickel, 
when  that  on  the  furface  of  cobalt  is  red.  Nickel 
is  extracted  from  its  ore  by  roafling,  to  drive  off 
the  fulphur  and  arfenic  contained  in  the  ore : 
by  this  procefs  the  nickel  is  left  in  the  form  of 
a greenifh  calx.  And  if  this  calx  be  fufed  with 
three  parts  of  black  flux  and  fome  common 
fait,  the  metal  is  reduced,  though  probably  im- 
pure, and  containing  a portion  of  arfenic,  cobalt, 
and  iron. 

Calx  of  nickel,  fufed  with  glafs,  impart  to  it  an 
hyacinth  colour  more  or  lels  red. 

The  fulphuric  acid,  diflilled  with  nickel,  fends 
over  fome  acid ; the  refidue  being  diffolved  in 
water,  yields  a fait  of  a fine  green.  A fimilar 
effeft  is  produced  by  its  a£Hon  on  the  calx.  I his 
latter  is  diffolved  by  the  nitrous  and  marine  acids ; 
and  the  folutions  are  green. 

This  femi-metal  combines  with  fulphur  bj 
fufion,  forming  a hard  mineral  of  a yellow  co- 
lour. When  this  is  heated  flrongly  in  conta<ft 
with  air,  it  jumps,  and  emits  lumiuous  fparks. 
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owing  to  the  rapid  combuftion  of  the  nickel  by 
the  fulphur. 

Nickel  combines  clofely  with  arfenic,  and, 
by  this  union,  gives  a blue  glafs  like  that  of 
cobalt. 

There  are  no  other  known  ufes  of  this  femi- 
metal. 


CHAP. 


CHAP.  XV. 


Of  Manganefe , Tungsten , or  Wolfram , and 

Molybdena. 


Manganese  is  a femi-metal,  of  a greyifh 

white  colour,  and  brilliant  in  its  fra&ure.  It  is 
hard,  and  fomewhat  brittle,  not  ductile,  and  fo 
refra&ory  that  it  cannot  be  fufed  without  a very 
intenfe  heat.  In  reducing  the  metal,  a metallic 
button,  or  rather  a number  of  fmall  globules,  is 
obtained  by  means  of  fuch  a heat,  managed  with 
the  utmoft  care : yet  it  is  one  of  the  metals  moft 
apt  to  calcine.  Its  calx  is  wrhite,  when  the  cal- 
cination is  imperfect,  but  black  or  dark  green, 
when  perfect. 

If  the  black  calx  of  manganefe  be  fufed  with 
glafs,  it  gives  it  in  fome  cafes  a violet  colour : but 
this  admits  many  modifications,  according  to  the 
quantity  of  combuftible  matters  employed.  In 
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fome  certain  proportion  of  thefe,  the  mixture  be- 
comes colourlefs ; and  on  this  account  it  is  em- 
ployed by  glafs-manufatturers  to  deftroy  the  co- 
lours of  glafs.  Hence  manganefe  is  fometimes 
called  foap  of  glafs.  This  change  of  effect  may 
be  explained  by  the  black  calx  becoming  white, 
either  by  taking  phlogifton  from  the  combuftibles, 
or  parting  with  fome  of  its  vital  air.  The  fame 
calx  is  made  ufe  of  to  give  a fine  black  glaze  to 
earthen  ware  : it  is  compofed  of  twenty-one  parts 
of  white  lead  by  weight,  five  of  powdered  flints, 
and  three  of  manganefe. 

Manganefe  is  fometimes  found  native ; but  is 
for  the  moll  part  in  the  date  of  a calx.  Its  ores 
are  known  by  their  deep  grey  colour : they  are 
of  various  kinds,  cryflallized  in  different  ways, 
and  fome  without  any  regular  form,  mixed  with 
earths  and  metallic  matters.  The  ore  of  manga- 
nefe, known  by  the  name  of  black  zc/add , is  re- 
markable for  taking  fire  fpontaneoufly  when  mixed 
with  an  oil.  If  about  one  fixth  or  one  feventh 
part  of  oil  by  weight  be  mixed  with  a portion  of 
the  dry  powder,  the  mixture  in  a little  time  be- 
comes hot,  and  at  lafl  burfts  into  flame. 

Manganefe  may  be  reduced  from  its  ore  in  the 
following  manner.  A crucible  is  lined  with  char- 
coal mixed  with  water,  and  the  mineral  in  pow- 
der being  mixed  with  an  oil  into  a fort,  of  pafte, 
is  put  in  the  crucible,  which  is  filled  with  char- 
coal, and  another  crucible  is  faflened  clofely  to 
this.  An  intenfc  heat  is  then  applied  for  about 

an 
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an  hour,  and  the  manganefe  is  found  in  the  me>- 
tallic  form. 

The  fulphuric  acid  diffolves  manganefe  and  its 
calx,  yielding  a tranfparent  vitriol.  The  nitrous 
and  marine  acids  alfo  dilfolve  the  regulus,  but  not 
the  black  calx,  without  the  affiltance  of  fome 
combuftible  body,  either  to  impart  phlogifton,  or 
attract  its  vital  air,  which  reduces  it  to  the  w"hite 
calx  or  regulus,  both  which  they  dilfolve.  The 
marine  acid  has  the  ftrongeft  affinity  to  manga- 
nefe,  being  able  to  decompofe  its  fulphuric  fo- 
lution. 

This  femi-metal  unites  readily  with  moll  other 
metallic  fubftances,  except  mercury.  Gold  and 
iron  are  rendered  more  fufible,  and  the  latter 
more  duftile  by  the  combination.  Copper  be- 
comes lefs  fufible,  and  more  white,  but  more  fub- 
je&  to  tarniffi. 

The  chief  ufes  of  manganefe  have  been  here 
mentioned. 

Tungftcn  is  a heavy  ore,  of  a greyifli  colour, 
containing  about  half  its  weight  of  calcareous 
earth,  the  remainder  iron,  and  a peculiar  acid, 
which  is  the  metallic  calx.  Wolfram  is  a mineral 
ilill  heavier  than  the  former,  containing  the  fame 
acid  or  calx,  united  to  the  calces  of  manganefe 
and  iron. 

The  manner  of  treating  thefe  ores  is,  by 
pounding  them  into  a fmall  powder,  and  digefting 
this  with  marine  acid : the  calcareous  earth  of 
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the  former,  and  the  manganefe  and  iron  of  the 
latter,  will  be  diflolved  : the  refidue  being  walked, 
is  digefled  with  volatile  alkali,  which  unites  with 
the  acid  or  calx.  And  thus,  by  alternate  ap- 
plication of  the  marine  acid  and  volatile  alkali, 
the  whole  mineral  is  almolt  exhaufted.  The  acid 
or  calx  is  feparated  from  the  alkali  by  adding 
nitrous  acid,  which  precipitates  a yellow  powder. 
This  colour  is  a good  criterion  of  fuch  minerals 
as  contain  tungften  or  wolfram. 

From  this  powder  the  metal  may  be  reduced 
by  a procefs  hmilar  to  the  reduction  of  manga- 
nefe. It  is  heavier  than  any  metallic  fubftance, 
except  gold  and  platina,  and  is  of  a dark  brown 
colour. 

The  calx  of  tungflen  and  wolfram  combines 
with  many  other  metallic  fubflances : but  neither 
thefe  combinations,  nor  this  femi-metal  itfelf,  have 
yet  been  applied  to  any  practical  purpofe. 

Molybdena  is  a femi-metal,  of  a whitilh  yellow 
colour,  though  of  a grey  fr aft ure.  It  has  only 
been  obtained  in  fmall  grains,  forming  together  a 
blackilh  brittle  mafs : they  are  extremely  infufible. 
By  heat  it  is  converted  into  a white  calx,  and 
alfo  by  the  nitrous  acid.  The  ore  of  molybdena 
refembles  plumbago.  It  is  found  by  analyfis  to 
contain  fulphur  united  with  a white  calx,  which 
proves  to  be  an  acid : this  analyfis  is  made  by 
feveral  diftillations  of  the  powdered  ore  with 
nitrous  acid.  And  if  this  calx  be  combined  with 
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fulphur,  a fubftance  is  produced,  the  fame  in  all 
its  properties  with  the  ore. 

The  acid  of  molybdena  unites  with  calca- 
reous earth,  magnefia,  barytes,  the  alkalies, 
and  precipitates  feveral  metals  from  their  fo- 
lutions. 


CHAP, 


CHAP.  XVI. 


Of  Uranium , Titanium , Tellurium , 
Cbromum . 


Uranium  is  a femi-metal  of  a dark  grey  co- 
lour, fomewhat  brown,  in  its  fra&ure  near  bi- 
times as  heavy  as  water  : it  is  extremely  infufible, 
and  has  been  obtained  only  in  very  fmall  grains 
which  form  a fpongy  mafs.  It  refills  a red  heat, 
and  is  belt  calcined  by  nitrous  acid,  which  con- 
verts it  into  a yellow  calx. 

The  mineral  Uranium  when  firfl  difeovered  was 
called  Pech-blende,  and  was  taken  for  an  ore  of 
Zinc.  But  Klaproth  found  that  it  confifts  of  a 
diftintt  peculiar  metal  mineralized  with  fulphur. 
The  ore  is  of  two  kinds : the  firft  in  malfes  of  a 
dark  iron  grey,  and  but  moderate  luflre,  yield- 
ing a black  powder  by  being  pounded  : the  fe- 
cond  is  a deeper  black  with  here  and  there  a red- 
difli  call,  more  Alining,  having  the  appearance  of 
pit-coal,  and  when  reduced  to-  powder,  tinged 
with  a fliade  of  green. 


Sulphuric 


2o6  uranium  titanium. 

Sulphuric  and  marine  acids  aft  but  weakly  up- 
on this  mineral : but  nitrous  acid  completely  dc- 
compofee  it,  fulphur  and  filiceous  earth  falling 
down  : fo  does  aqua  regia.  Thefe  folutions  are 
precipitated  by  volatile  liver  of  fulphur  in  the 
form  of  a brownilh  yellow  powder : by  Prulhan 
alkali  of  a brownilh  red  : by  volatile  alkali  of  a 
yellow : and  by  the  fixed  alkalies  of  a lemon 
colour. 

The  femi-metal  is  reduced  from  the  ore  by  in- 
tenfe  heat  in  crucibles  well  clofed  ; the  mineral  is 
then  diffolved  in  nitrous  acid  : and  afterwards  the 
heat  of  a porcelain  furnace  applied  to  it,  united 
with  borax,  charcoal,  &c.  in  clofe  velfels. 

Titanium  is  a femi-metal  of  a browniih  red  co- 
lour, and  confiderable  lull  re  : it  is  brittle,  hard, 
and  very  infufible.  By  a very  firong  heat  it  lofes  its 
luftre,  and  falls  to  pieces.  If  mixed  with  five  times 
its  weight  of  vegetable  alkali,  it  melts  in  a porce- 
lain furnace,  and  when  cold  forms  a grey  mafs, 
the  furface  of  which  is  cryftallized.  This  being 
walked  in  boiling  water,  the  alkali  is  dilfolvcd 
and  a white  powder  falls  to  the  bottom  -which  is 
the  calx  of  titanium.  When  heated  on  charcoal, 
it  alfumes  firlt  a rofy  red,  afterwards  a Hate  blue, 
and  at  lafl  melts,  but  without  being  reduced  to 
the  metallic  Hate.  This  femi-metal  has  no  affi- 
nity to  fulphur.  Its  mineral  has  been  called  red 
Ihorl. 

' Tellurium  is  a femi-metal  of  a white  colour 
like  tin,  but  fomewhat  darker.  It  is  very  brittle, 

crumbling 
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crumbling,  and  fufible  as  lead.  By  ftrong  heat, 
it  burns  with  a lively  blue  flame,  and  volatilizes 
entirely  in  a whitifli  grey  fmoke,  which  is  its  calx: 
this  may  alfo  be  obtained  by  diflblving  the  metal 
in  aqua  regia,  and  precipitating  it  with  a quantity 
of  water.  If  this  calx  be  mixed  with  any  fat  oil, 
and  diflilled  in  a retort,  the  metal  is  reduced  in 
the  form  of  brilliant  drops,  which  fall  from  the  up- 
per part  to  the  bottom  of  the  retort.  This  femi- 
metal  combines  with  fulphur,  and  amalgamates 
with  mercury. 

The  mineral  of  tellurium  is  found  by  Analyfis 
to  contain  in  1000  parts,  2 -5  of  gold,  72  of 
iron,  925-5-  of  tellurium. 

Chromum  is  a femi-metal  lately  difcovered  in  a 
red  lead  ore.  It  is  grey,  hard,  brittle,  and  crys- 
tallizes in  needles.  It  poflefles  the  property  of 
giving  colour  to  other  bodies  in  a remarkable  de- 
gree. 
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CHAP.  XVII. 


Of  the  Combujlible  Subjlances , called  Bitumens. 


Bitumens  are  combuflible  fubftances,  which 
fometimes  appear  in  a fluid  form  refembling  oils, 
at  others  more  thick  and  tenacious  like  tar,  and 
at  others  quite  folid.  They  are  found  either 
forming  layers  in  the  heart  of  the  earth,'  or  drop- 
ping through  rocks,  or  fwimming  upon  the  fur- 
face  of  waters. 

The  principal  of  thefe  bitumens  is  Pit-Coal. 
This  well  known  fubftance  is  found  difpofed  either 
in  horizontal  or  for  the  moll  part  inclined  layers ; 
and  frequently  under  great  beds  of  fhells.  When 
analyzed  by  diflillation,  pit  coal  is  proved  to 
contain  one  eighth  part  of  liquid  matter,  partly 
oil  and  partly  diluted  acid,  an  elaftic  air,  and  a 
refldue  which  relerfibles  a fubftance  prepared  from 
pit  coal  as  an  article  of  trade,  called  coak  or  cin- 
der. This  preparation  is  of  conflderable  fervice 
in  the  fuflon  of  metals ; becaufe  it  affords  an  in- 
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tenlc  heat,  and  alio  is  free  from  thole  oils  and 
other  volatile  matters,  which  make  the  coal  run 
or  cake  into  makes,  and  in  lo  doing  greatly  in- 
juit  the  piocefs.  In  preparing  coak,  thefe  vo- 
latile fubftances  formerly  were  entirely  loft  : but 
they  are  now  faved  by  means  of  a certain  appara- 
tus in  which  the  coals  decoropofe  themfelves  by  a 
flow  combuftion  : and  they  are  made  into  tar  or 
pitch  for  fheathing  the  bottoms  of  lliips.  It  is  by 
this  oily  and  bituminous  matter  that  Pit  coal  is 
chiefly  diflinguilhed  from  Stone  Coal:  and  it  is 
probably  owing  to  the  great  quantity  of  it  con- 
tained in  Cannel  Coal , that  this  burns  fo  bright 
as  to  enable  the  country  people  to  work  by  its 
light,  fupplying  thus  the  place  of  candles : and 
this,  as  hilltop  Watfon  thinks,  may  have  given 
its  prefent  name  to  the  coal,  candles  being  called, 
in  the  dialed  of  Lancalhire,  cannels. 

"Ihere  is  a fubflance  called  Cul/n9  which  re- 
fembles  in  its  appearance  the  powdery  part  of  pit 
coal,  but  does  not  poflefs  the  property  of  running 
together  or  caking  like  this : and  on  this  account 
they  may  eafily  be  diflinguilhed  from  each  other. 
The  reafon  probably  is,  that  culm  does  not 
abound  fo  much  in  oily  and  bituminous  matter  a? 
pit  coal.  It  is  chiefly  ufed  in  burning  lime. 

Kilkenny  Coal  is  a Hone  coal  which  abounds 
with  fulphureous  matter:  its  vapour  therefore, 
when  confined,  is  mod  noxious  and  fufFocating  * 
and  has  in  many  inflances  proved  fatal  to  perlons 
keeping  in  chambers,  where  it  was  burnt. 
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Amber  is  another  of  thofe  bitumens : but 

having  already  taken  notice  of  this  fubftance,  it 
will  not  be  neceflary  to  fay  more  of  it  here. 

Afphaltum , called  likewife  Jews  pitch,  gum 
of  funerals,  mountain  pitch,  See.,  is  a black  heavy, 
folid,  and  brilliant  bitumen.  It  is  thrown  up 
from  the  bottom  of  the  dead  fea  like  a liquid 
pitch  to  the  furface,  and  is  condenfed  by  the 
heat  of  the  fun.  The  Arabs  gather  it,  when 
thrown  upon  (hore.  Its  origin,  like  that  of  ma- 
ny of  the  reft,  is  difputed : but  probably  it  is  of 
the  fame  nature  with  amber,  except  that  it  feems 
to  have  undergone  the  affion  of  fubterraneous 
fire.  Afphaltum  is  employed  by  the  Arabs  and 
Indians  as  a covering  for  fliips : it  makes  part  of 
black  varnilhes  for  china : and  is  ufed  in  artificial 
fires  which  burn  on  waters.  The  poorer  people 
of  Egypt  embalm  the  dead  bodies  with  it. 

Naphtha  and  Petroleum  are  fluid  bitumens. 
They  are  reckoned  by  fome  chemifts  to  be  of  the 
fame  kind,  and  alfo  to  be(afphaltum  in  a liquid 
ftate.  Naphtha  is  pale,  light,  and  very  inflam- 
mable fo  as  to  burn  even  under  water  : petrole- 

um is  yellow,  brown,  or  blackifh,  heavier  and 
lefs  inflammable  than  naphtha. 

Various  other  bitumens  may  be  mentioned, 
fuch  as  mineral  pitch  or  Barbadoes  tar , jet , turf. 
See.  See, : but  thofe  already  noticed  feem  molt 
important.  Some  chemifts  fuppofe  thefe  bitu- 
mens to  belong  to  the  mineral  kingdom  : but  the 
more  general  opinion  feems  to  be,  that  they  arc 
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derived  from  the  bodies  of  vegetables  and  ani- 
mals. Peat  and  turf  evidently  owe  their  com- 
buftible  qualities  in  a great  meafure  to  the  roots 
of  vegetables  mixed  with  them.  Pit  coal  too  ve- 
ry probably  owes  its  inflammability  to  the  fame 
caufe,  for  by  analyfis  it  yields  oily  and  other 
matters  fimilar  to  thofe  contained  in  vegetables. 
Whole  trees  and  even  woods  are  found  convert- 
ed into  pit  coal  j in  which  the  roots,  trunks, 
branches,  &c.  &c.  are  clearly  difcerned ; and 
hence  it  is  mod  likely  that  the  bitumens  owe  their 
origin  to  great  tra£ls  of  wood  buried  in  the  earth 
by  volcanos,  earthquakes,  and  other  convulfions 
of  nature. 
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i , 


Of  Mineral  Waters. 


After  this  Ihort  view  of  the  bodies,  which 
compofe  the  mineral  kingdom,  we  lhall  conclude 
the  account  by  fome  remarks  upon  the  Mineral 
Waters,  fo  called  becaufe  they  are  impregnated, 
more  or  lefs  with  thofe  mineral  fubftances. 
The  feveral  kinds  of  thefe  may  be  reduced  under 
four  principal  heads;  i ft,  the  gafeous  or  acidu- 
lous, 2ndly,  faline  waters,  3rdly,  fulphureous, 
4thly,  ferruginous.  The  Gafeous  or  Acidulous 
waters  arc  thofe  in  which  are  found  certain  elaf- 
tic  gafes,  particularly  fixed  air,  or  aerial  acid. 
They  are  fometimes  diftinguilhed  by  the  fliarp- 
nefs  and  briiknefs  of  their  tafte ; by  their  form- 
ing bubbles  with  agitation,  or  by  tying  a wet 
bladder  to  the  neck  of  the  bottle  which  contains 
them,  for  by  Ihaking  the  water,  the  gas  being 
difengaged  will  fwell  the  bladder.  The  advan- 
tage of  this  laft  method  is  that  the  nature  of  the 
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gas  can  be  examined,  when  thus  difcovered. 
This  kind  of  mineral  waters  feldom  contain  the  acid 
alone,  but  for  the  mofl  part  alkali  and  calcareous 
earth,  and  fometimes  iron,  of  all  which  it  is  a 
folvent.  2.  Saline  waters  are  thofe  which  contain 
a quantity  of  falts.  Thefe  hilts  are  for  the  mofl 
part  of  the  neutral  kind;  but  are  fometimes  acid  or 
alkaline.  A cave  near  the  town  of  Latera  about 
30  miles  from  Viterbo  is  mentioned,  where  a pure 
fulphuric  acid,  though  much  diluted,  iflfues 
through  the  crevices  of  the  rocks : the  cave  is  fil- 
led with  noxious  vapours,  and  cannot  be  entered 
with  fafety,  except  at  particular  times.  The  al- 
kalies alfo  are  occafionally  found  to  predominate 
in  mineral  waters,  though  feldom  or  never  with- 
out aerial  or  fome  other  acid. 

Glauber’s  fait  is  contained  in  fome  mineral  wa- 
ters, though  in  fmall  quantity.  Two  fprings  are 
mentioned  however,  one  near  Madrid,  the  other 
at  Sellia  in  Calabria,  which  contain  it  in  abun- 
dance : from  the  former  it  is  procured  by  fimple 
evaporation,  and  the  latter  abounds  with  it  fo 
much  that  it  would  probably  be  worth  obtaining 
as  an  article  of  trade. 

Common  nitre  is  an  ingredient  in  fome  mineral 
fprings  in  Europe  : but  in  the  provinces  of  Ben- 
gal in  the  Eafl  Indies,  the  waters  muff  be  ftrong- 
ly  impregnated  with  it,  the  furface  of  the  earth 
being  fometimes  covered  with  it  as  with  a hoar 
frofl. 
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Calcareous  earth,  and  Magnefia  dilTolved  by 
the  aerial  acid  are  frequently  found  in  mineral 
waters,  and  in  common  waters  efpecially  thofe 
which  are  hard.  Thefe  waters  being  boiled,  the 
fixed  air  evaporates,  and  of  courfe  the  earths 
which  it  held  in  folution  fall  to  the  bottom : hence 
the  cruft  formed  upon  tea  kettles.  The  fame  ef- 
fects take  place  from  long  expofure  to  the  air : 
the  water  foftens,  and  petrefa&ions  are  formed 
upon  fubftances  immerfed  in  fuch  of  them  as  are 
very  ftrongly  impregnated  with  thefe  fubftances. 

The  molt  common  faline  ingredients  in  mineral 
waters  are  Epfom  fait,  fea  fait,  gypfum  or 
felenite,  calcareous  marine  falts,  and  falts  with 
bafe  of  magnefia.  Thefe  are  for  the  molt  part 
intermixed  with  each  other,  as  well  as  with 
other  fubftances,  fuch  as  iron  and  fulphurcous 
matters. 

3rdly,  Sulphureous  waters  are  thofe,  which 
feem  to  poffefs  the  properties  of  fulphur,  and 
therefore  are  by  fome  chemifts  thought  to  contain 
fulphur  in  folution.  Thefe  waters  are  very  clear 
at  the  fpring,  but  when  kept  in  open  veffels,  foon 
depolit  fulphur  and  lofe  thair  hepatic  fmell.  Sul- 
phur has  been  alfo  obtained  from  waters  of  this 
nature  by  evaporation  and  otherwife  : which  gave 
colour  to  the  opinion  above  mentioned.  But 
fulphur  not  being  of  itfelf  foluble  in  water,  the 
mofl  prevailing  opinion  now  feems  to  be,  that  they 
are  impregnated  with  the  vapour  which  iffues 
from  liver  of  fulphur.  Thefe  waters  may  be  imi- 
tated. 
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tated,  by  impregnating  common  water  with  this 
hepatic  gas  ; and  as  the  depofiting  of  fulphur  may 
be  explained  according  to  this  hypothecs,  it  feems 
to  be  lefs  liable  to  difficulty  than  the  other. 
However  fome  waters  may  poffibly  contain  a 
fmall  quantity  of  hepar,  while  others  contain  on- 
ly the  gas. 

4thly,  Ferruginous  or  Chalybeate  Waters  are 
thofe,  which  are  impregnated  with  iron,  fup- 
pofed  to  be  diffolved  by  the  aerial  acid.  Iron  is 
not  found  alone  in  waters : it  is  mixed  with 

chalk,  felenite,  marine  falts,  magnefia,  lime, 
or  the  alkalies.  But  as  the  metal  is  the  chief  in- 
gredient from  which  their  properties  are  derived, 
they  are  called  by  the  name  here  given  them, 
and  alfo  ?nartial  -waters.  It  frequently  happens 
that  waters,  which  contain  iron  diffolved  by  the 
aerial  acid,  tafte  ffrongly  chalybeate  at  the 
fpring,  but  lofe  this  tafte  entirely  after  running 
fome  way.  This  is  owing  to  the  Acid  being 
more  ftrongly  attracted  by  earth,  and  the  iron 
precipitating,  as  being  no  longer  held  in  folution. 

Iron  is  fometimes  found  in  mineral  waters  com- 
bined with  fulphuric  acid,  but  generally  in  fo 
fmall  quantity  and  fo  fine  a ftate,  as  not  to  be 
difeovered  in  the  ufual  method  of  analyfis  by 
diftillation  : but  may  by  tefts. 

Different  methods  of  examining  mineral  waters 
are  pra&ifed,  either  by  their  phyfical  properties, 
by  tefts,  by  evaporation,  or  by  diftillation.  Of 
thefe  we  ftiall  for  the  fake  of  ffiortnefs  take  no- 
tice 
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ticc  of  a few  only  of  the  moil  important  inftances 
of  examination  by  tefts.  Teds  are  fubftances, 
which  by  their  greater  affinity  to  fome  of  the 
conftituent  parts  of  mineral  waters  than  thefe 
have  to  each  other,  decompofe  them,  and  thus 
difeover  the  nature  of  the  ingredients  diflolved  in 
the  waters. 

Lime-Water  is  one  of  the  molt  ufeful  tefts : it 
decompofes  the  metallic  falts,  efpecially  martial 
vitriol,  and  precipitates  its  iron  : for  the  fulphuric 
acid  has  a ftronger  attraction  to  lime  than  iron. 
In  the  fame  manner  it  precipitates  clay  and  mag- 
nefla  from  the  fulphuric  and  marine  acids,  with 
which  thefe  fubftances  are  frequently  joined  in 
mineral  waters.  It  alfo  fliews  the  prefence  of  the 
aerial  acid,  which  readily  combines  with  the  lime, 
and  precipitates  it  in  the  form  of  chalk.  As  com- 
mon chalk  contains  nearly  one  half  its  weight  of 
this  acid,  it  may  be  known  how  much  of  the  acid 
is  contained  in  the  precipitate,  by  comparing  its 
weight  with  that  of  common  chalk. 

Fixed  Alkali  in  a cauftic  ftate  is  another  of  thefe 
tefts.  It  decompofes  all  falts  formed  by  the  union 
of  acids  with  lime,  clay,  magnefia,  and  the  me- 
tallic fubftances.  It  alfo  fliews  the  prefence  of 
chalk,  which  is  kept  in  folution  by  a great  abun- 
dance of  aerial  acid,  to  which  acid  the  cauftic  al- 
kali having  a ftrong  affinity,  will  attra&  a great 
part  of  it ; by  thefe  means  the  chalk  is  no  longer 
held  in  folution,  but  falls  to  the  bottom. 
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Volatile  cauftic  Alkali  is  a more  certain  tefl  than 
the  former : becaufe  where  fo  great  a number  of 
falts  are  capable  of  being  decompofed,  it  becomes 
more  difficult  to  know  the  fubflance  precipitated. 
Volatile  alkali  decompofes  no  earthy  falts  but 
thofe  of  clay  and  magnefia.  This  alkali  fhould 
be  freed  perfectly  from  all  fixed  air,  for  other- 
wife  it  will  decompofe  calcareous  falts  by  double 
affinity ; and  for  the  fame  reafon  it  fhould  not  be 
cxpofed  in  open  veffels,  as  it  will  attrafl  this  air 
from  the  atmofphere.  The  bell  method  of  ufing 
this  tefl  is  by  applying  to  it  a gentle  heat  in  a 
retort,  whofe  neck  is  immerfed  in  the  mineral 
water  to  be  tried  : an  alkaline  gas  paffes  over, 
and  if  there  be  any  precipitate,  the  water  con- 
tains martial  vitriol ; or  falts,  with  bafe  of  alumina 
or  clay,  or  magnefia.  The  firfl  of  thefe  is  eafily 
diflinguifhed  by  the  colour ; and  the  magnefia  is 
diflinguifhed  from  the  alumina  by  a much  quicker 
precipitation. 

Concentrated  Sulphuric  Acid  i3  fometimes  ufed 
as  a tefl.  It  precipitates  barytes,  and  fhews  the 
prefence  of  chalk,  of  fixed  alkali,  or  of  fixed  air 
by  forming  bubbles.  If  chalk  be  the  chief  in- 
gredient, the  water,  if  heated,  will  upon  receiving 
the  tefl,  form  a pellicle,  and  depofit  felenite  > 
which  does  not  happen  in  alkaline  waters. 

Concentrated  Nitrous  Acid  is  a good  tefl  to  try 
fulphureous  waters ; for  it  will  precipitate  ful- 
phur,  even  though  the  water  fhould  be  impreg- 
nated 
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nated  only  with  hepatic  gas,  as  is  manifed  from 
trying  it  with  diftilled  water  fo  impregnated. 

The  Gall-Nut,  as  well  as  all  bitter  and  adrin- 
gent  vegetable  fubftances,  as  oak-bark,  green 
tea,  &c.  precipitate  iron,  giving  to  its  folutions 
different  colours,  from  a pale  rofe  to  the  deeped 
black,  according  to  the  quantity  and  hate  of  the 
iron.  Gall-nut  is  better  for  this  purpofe  in  the 
form  of  a cold  infufion  tinftured  with  fpirit  of 
wine,  than  as  a powder : a fingle  drop  gives  a 
purple  colour  to  water,  containing  only  the  pro- 
portion of  one  grain  of  martial  vitriol  in  nine 
gallons  of  water. 

In  employing  thefe  and  other  teds,  Mr.  Four- 
croy  recommends  that  large  quantities  both  of  the 
waters  and  teds  diould  be  ufed — that  the  teds 
fhould  be  continued,  till  no  more  precipitate  can 
be  obtained —that  the  precipitates  diould  remain 
twenty-four  hours  in  a veffel  clofeiy  diut — that 
the  mixture  be  then  filtered,  and  the  precipitate 
examined  by  the  ufual  methods,  after  it  has  been 
weighed  and  dried.  He  thinks  too  that  a certain 
order  diould  be  obferved,  by  drd  ufing  fuch  teds 
as  are  lead  capable  of  altering  the  waters,  and 
then  advancing  from  thefe  fubdances  to  others 
which  are  able  to  produce  the  greated  and  mod 
various  changes. 

The  following  lid  contains  a few  of  the  mod 
noted  mineral  waters,  both  hot  and  cold ; toge- 
ther with  the  principal  fubdances  with  which  they 
are  mineralized. 

Aix- 
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Aix-la-Chapelle  contains  chalk,  fea-falt,  mine- 
ral alkali,  and  hepatic  gas : hot. 

Ballynahinch — Iron,  fixed  air,  and  hepatic  gas : 
cold. 

Ballyfpellin — Iron,  fixed  air,  and  probably 
mineral  alkali : cold. 

Bareges — Sea-falt,  mineral  alkali,  calcareous 
earth,  felenite,  hepatic  gas,  and  a fine  bituminous 
oil : hot. 

Bath — Iron,  chalk,  felenite,  fea-falt,  and  Glau- 
ber’s fait : hot. 

Briftol — Lime,  fea-falt,  Epfom  fait,  Glauber’s 
fait,  and  felenite  : hot. 

Buxton — Mineral  alkali,  Epfom  fait,  a little 
fea-falt,  and  chalk  : hot. 

Caflleconnell — Iron  diffolved  in  fixed  air : cold. 

Cheltenham — Lime,  iron,  Epfom  fait,  and 
common  fait : cold. 

Epfom — Vitriolated  and  muriated  magnefia, 
with  a little  chalk. 

Harrowgate — Hepatic  gas,  fea-falt,  and  fome 
purging  fait. 

Lucan — Hepatic  gas,  and  foffile  alkali. 

Mallow — Similar  to  Briftol. 

Pyrmont — Iron  united  to  fixed  air,  calcareous 
earth,  magnefia,  Epfom  fait,  and  common  fait. 

Scarborough — Chalk,  Epfom  fait,  fea-falt,  and 
iron. 

Seltzer-Lime,  magnefia,  mineral  alkali,  and 
fixed  air. 
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Spa — Iron  with  fixed  air,  chalk,  magnefia, 
mineral  alkali,  and  common  fait. 

Swadlingbar — Hepatic  gas,  earth,  fea-falt,  and 
mineral  alkali. 

\ 

Tunbridge — Iron,  fea-falt,  felenite,  and  calca- 
reous earth. 

Artificial  waters  are  made  in  imitation  of  fe- 
veral  of  thefe  by  fynthefis.  Thus  Harrowgate 
water,  which  contains  fea-falt  and  fulphur,  may 
be  imitated,  by  impregnating  fait  water  with  an 
air  difengaged  by  fulphuric  acid  from  melted  lead, 
and  other  fubltances  which  give  out  fulphureous 
gas. 


SECT. 


SECT.  IV. 


Of  Vegetable  Subjlances. 


CEIAP.  I. 


Of  the  juices  and  extracts  of  Vegetables. 


To  treat  of  vegetable  and  animal  fubftances 
may  feem  at  firft  to  clafh  with  the  general  definiti- 
on of  chemiftry  already  given,  whofe  province  was 
there  limited  to  inanimate  matter.  A little  confi- 
deration  however  will  reconcile  this : for  though 
chemical  changes  do  actually  take  place  in  the 
circulating  as  well  as  fecreted  fluids  of  both  thofe 
fubftances,  yet  thefe  are  merely  accidental,  not  de- 
pending on , though  even  eflential  to  the  life  of 
fuch  bodies.  For  the  proof  of  fuch  changes  we 
are  indebted  to  mere  analogy,  deduced  from  ex- 
periments made  on  fuch  fubltances  when  feparat- 
ed  from  the  bodies,  wherein  they  had  been  form- 
ed. 
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ed,  that  is,  when  inanimate.  Now  thofe  ex- 
periments are  truly  chemical,  while  the  analog)' 
is  but  an  inference  drawn  from  them,  and  ap- 
plied to  animated  matter  : which  mode  of  infer- 
ence, combined  with  phyfical,  mechanical,  and 
other  principles,  conftitute  that  branch  of  medi- 
cal fcience,  called  phyfiology ; and  it  was  thought 
right  to  diftinguifh  chemiftry  from  this  in  theflrict 
meaning  of  the  terms. 

Vegetables  are  organized  fubftances  which  are 
nourifhed  by  juices  received  by  and  prepared 
within  their  velfels : and  which  are  capable  of  be- 
ing reproduced  and  propagated  by  feeds.  In 
thefe  refpects,  as  well  as  in  their  curious  and  beau- 
tiful organization,  they  are  diftinguifhed  from 
the  mineral  kingdom  \ between  which  and  the 
animal  kingdom,  they  hold  as  it  were  a middle 
place ; differing  from  the  latter  in  their  confine- 
ment to  one  particular  fpot  on  the  furface  of  the 
earth,  without  any  power  of  changing  their 
place,  and  without  any  apparent  fenfibility. 

There  are  various  methods  of  chemically  ex- 
amining vegetable  fubftances ; by  incifion  of  the 
rind  or  bark  of  the  living  plant ; by  fimple  pref- 
fure,  by  the  a&ion  of  fire  in  a weaker  or  ftrong- 
er  degree  of  heat  i by  fpontancous  decompofltion 
or  fermentation. 

Thofe  principles  of  vegetable  fubftance  which 
poffefs  no  faline  qualities  or  poffefs  them  very 
fllghtly,  are  called  juices , when  they  flow  from 

incifion,  or  are  obtained  from  mere  preffure : 

and 
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and  they  are  called  extrafls,  when  by  evapora- 
tion of  the  water  contained  in  them  they  are  ren- 
dered more  thick  and  confident.  They  are  chief- 
ly as  follow  : id,  Gum  or  Mucilage.  This  is  a 
well  known  fubdance,  infipid,  and  foluble  in 
water,  to  which  it  gives  a thick  and  gluey  con- 
fidence. It  is  ufually  obtained  by  making  inci- 
iions  in  the  barks  of  trees,  luch  as  plumb,  pear, 
cherry,  &c.  &c.  gum  Arabic  flows  from  the  Aca- 
cia in  Egypt  and  Arabia.  Gum  feems  to  have  a 
drong  analogy  to  fugar : for  they  both  yield  the 
fame  produ&s  by  didillatiou.  end,  Saccharine 
juices  or  fugar.  Thefe  are  found  in  many  vege- 
tables : but  the  fugar  cane  a native  of  the  Indies, 
contains  the  greated  quantity  of  them.  Thefe 
canes,  when  ripe,  are  prefl'ed  between  iron  cy- 
linders placed  upright.  The  juice  thus  extrafted 
is  boiled,  and  a little  alum  with  fome  quick  lime 
in  powder,  which  is  called  temper , is  poured  in, 
for  the  purpofe  of  uniting  with  the  fuperabund- 
ant  acid  and  colle&ing  the  impurities.  In  this 
boiling,  the  heat  is  differed  to  increafe  gradually 
to  near  the  degree  of  boiling  water ; for  a hid- 
den and  violent  heat  would  mix  the  impure  mat- 
ters indead  of  feparating  them.  Thefe  are  foon 
collected  on  the  top  in  the  form  of  a feum,  and 
the  purified  liquid  is  let  off  below  into  an  other 
veflel,  where  it  undergoes  a fimilar  procefs, 
which  is  repeated  four  times,  After  this,  the  li- 
quor is  cooled  and  poured  into  barrels,  with 
holes  in  the  bottoms  imperfe&ly  flopped.  The 
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greater  part  of  the  fyrup  becomes  folid  in  the  bar- 
rels, while  the  fluid  part  runs  through  the  holes 
into  a ciftern,  over  which  the  barrels  are  placed. 
In  this  ftate  the  folid  part  is  called  Mufcovado , or 
raw  fugar . This  fugar,  is  in  fome  degree,  re- 
fined in  the  Weft  Indies  by  boiling  it  again,  and 
pouring  it  into  earthen  veflels  ftiaped  like  a fugar 
loaf,  turned  down  upon  their  tops : in  which 
veflels  there  are  holes  to  let  out  the  fluid  which 
is  not  fufticiently  confident : which  fluid  is  called 
thick  fyrup  : the  bottom  of  the  loaf  is  taken  off, 
fome  fine  white  fugar  put  in  its  place,  and  the 
whole  covered  with  pure  wet  clay,  the  water  of 
which  filters  through,  carrying  off  with  it  what 
is  called  the  mother-water  of  the  fugar  through 
the  holes  into  pots  : this  fluid  is  called  fine  fyrup. 
The  procefs  is  repeated,  after  which  the  loaves 
are  broken,  and  the  fugars  thus  made  are  ftiip- 
ped  for  Europe ; where  they  are  further  refined 
by  boiling  the  fugar  in  lime-water  along  with 
bullocks  blood.  Thefe  fubftances  attract  all  the 
earthy  and  impure  fubftances,  and  carry  them  to 
the  furface,  whence  they  are  Ik i mined  off.  The 
purified  liquor  is  then  either  poured  into  moulds, 
where  it  forms  loaf  fugar ; or  elfe  it  is  expofed  in 
heated  rooms,  where  by  a gradual  and  regular 
cryftallization  it  forms  fugar  candy.  The  fyrups, 
which  after  all  the  proceftes  cannot  be  farther 
cryftallized,  are  cailed  mclafj'es ; they  are  ufed 
by  poor  people  inftead  of  fugar ; are  fometimes 
diftilled  into  an  ardent  fpirit : and  are  alfo  em- 
ployed 
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ployed  by  the  Dutch  in  the  manufa<fture  of  to- 
bacco. 

3.  Farinaceous  juices,  or  extracts. — Of  all  thefe 
the  mod  important  to  be  examined  is  that  of 
wheat : it  is  compofed  of  three  different  fubftances, 
which  are  thus  obtained — The  farina,  or  flour  of 
wheat,  is  mixed  with  water  into  a kind  of  pafte— 
this  is  fqueezed  and  worked  in  the  hands,  while  a 
gentle  ftream  of  water  is  made  to  pafs  through  it 
into  a veffel,  and  continues  to  do  fo  until  the  water, 
from  a whitifh  and  milky  appearance,  becomes 
clear.  There  is  found  then  in  the  hands  a tena- 
cious, du&ile,  and  elaftic  matter,  called  gluten — 
when  drawn  out,  it  can  be  extended  to  near  twenty 
times  its  length ; and  upon  being  let  loofe  re- 
fumes  its  former  bulk.  If  expofed  to  a hot  fire, 
it  bubbles  and  cracks  j but  with  a gentle  heat 
dries  well,  and  becomes  fomewhat  tranfparent, 
hard,  and  brittle  like  common  glue — when  frefh, 
and  expofed  to  a warm  moift  air,  it  changes  and 
putrifies  like  animal  fubftances.  If  all  the  white 
flour  be  not  wafhed  away,  cheefe  of  moderate  fine- 
nefs  can  be  prepared  from  it. — It  is  from  this 
gluten  wheat  flour  derives  its  properties  of  making 
a pliant  good  pafte,  and  the  readinefs  with  which 
it  rifes  in  bread.  At  the  fame  time,  fermentation 
always  entirely  deftroys  the  vegetable  gluten,  and 
even  unfermented  bread  fuffers  the  fame  change 
by  fire. — This  gluten  is  not  found  in  any  quantity 
in  other  farinas,  as  oats,  rye.  See. 
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The  next  of  thefe  three  fubltances  is  Jlarch  ; 
which  is  found  in  the  bottom  of  the  veflel : it  is 
very  fine,  foft  to  the  touch,  and  without  any  fen- 
fible  tade.  The  ufual  method  of  preparing  darch 
for  domedic  ufes  is,  from  coarfe  flour,  or  from 
bran  : which  is  fteeped  in  water  for  two  or  three 
days,  till  it  becomes  four : it  is  (trained  through 
iieves,  and  frefli  water  fupplied,  and  renewed 
every  day — in  a fliort  time  a yellowiffi  fcum  appears 
on  the  furface,  which  mufl  be  carefully  removed. 
After  fome  days  bleaching  in  this  manner  it  is  tied 
in  a cloth,  hung  up  to  drain,  and  then  cut  into 
dices,  which  are  dried  in  the  fun,  or  an  oven 
moderately  heated.  Starch,  in  this  (late,  being 
powdered  and  fifted,  makes  hair-powder. — It  is 
not  foluble  in  cold  water  ; but  if  boiled  in  water 
forms  a kind  of  glue,  which,  when  expofed  to 
moid  air,  ferments  and  becomes  mouldy. — Starch 
is  the  principal  fubftance  in  bread : for  it  forms 
the  greatefl  part  of  the  farina. 

The  Iafl:  of  thefe  three  fubftances  is  found 
in  folution  in  the  water : and  by  evaporation 
appears  to  be  a brownifh  yellow  matter,  of 
a gluey  confidence,  and  a weak  tade  of  fu- 
gar.  It  does  not  materially  differ  from  gums 
or  mucilages.  Probably  this  fubdance  like  the 
fird,  has  a confiderable  (hare  in  the  fermentation 
and  riling  of  the  pade  in  making  bread.  Good 
flour  confids  of  T%  vegetable  gluten,  and  fa- 
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There  is  yet  another  fubftance,  that  has  been 
lately  difcovered  by  Fourcroy,  called  vegetable 
Albumen  : it  is  found  in  the  juices  of  certain  ve- 
getables, particularly  of  citron  ; it  pafles  readily 
to  fermentation,  and  by  the  a&ion  of  the  alkalies 
yields  volatile  alkali. 
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CHAP. 


CHAP.  II. 


Of  the  Oily  and  Rejinous  Principles  of  Vegetables. 


V EGETABLE  OILS  are  diltinguilhed  into  fat 
oils  and  elfential  oils : the  former  are  obtained 
by  prelfure  from  the  fruits,  feeds,  or  kernels  of 
vegetables ; the  latter  either  by  prelfure,  or  by 
infufion,  or  by  diflillation  of  the  different  parts  of 
the  plants.  The  method  of  procuring  oils  by 
prelfure,  is  commonly  by  pounding  the  vegetable 
matters  in  a mortar,  and  then  forcing  out  the  oils 
with  a prefs.  It  is  of  great  ufe  to  avoid  the  attion 
of  heat  in  preparing  thefe,  as  it  makes  them  ran- 
cid, and  by  this  injures  them  in  their  medicinal 
ufe.  If  the  vegetable  matters  be  too  dry  for  this 
procefs,  they  may  be  ground  into  meal,  and  fuf- 
pended  to  receive  the  fleam  of  boiling  water, 
which  foftens  them  fufficiently  for  the  foregoing 
method. 

i.  Fat  oils  have  a mild  talfe  and  fmell,  and  are 
very  fmooth  to  the  touch.  When  heated  to  the 
degree  of  boiling  water,  they  are  fet  on  lire  j and 
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by  railing  the  heat  higher,  they  become  volatile. 
This  explains  the  burning  of  lamps  or  candles ; 
for  the  wick  attracts  the  oil  through  its  little  tubes 
or  hollow  threads  up  to  the  fire,  where  it  be- 
comes fo  far  heated,  as  to  be  inflamed  and  vola- 
tilized. Fat  oils,  when  poured  out,  make  much 
lefs  noife  than  water,  being  lefs  elaftic.  They  are 
not  eafily  diflipated  by  the  heat  of  the  atmof- 
phere,  and  therefore  leave  a greafy  fpot  upon 
porous  fubftances,  into  whofe  pores  they  infinuate 
themfelves ; but  they  become  ftrong  and  rancid 
by  expofure  to  air,  owing  to  their  combination 
with  vital  air.  If  diftilled,  they  afford  a fmall 
quantity  of  water,  a light  oil,  a denfe  oil,  inflam- 
mable air,  and  fixed  air.  The  refidue  confifls  of 
a fmall  quantity  of  charcoal.  Drying  oils , which 
are  ufeful  in  painting,  are  prepared  by  boiling 
them,  and  fo  evaporating  all  their  mucilage. 

Fat  oils  combine  with  various  fubftances:  •with 
metallic  calces,  they  form  what  are  called  metallic 
foaps ; with  pure  fixed  alkali,  common  foap ; 
with  mineral  alkali,  imperfeft  foaps ; with  ful- 
phur,  compounds  called  Balfams  of  Sulphur ; 
with  bitumens  and  amber,  they  make  varnifhes. 
Olive  oil  contains  in  ioo  parts,  78  pure  char- 
coal, 22  inflammable  gas.  The  pureft  oils  con- 
tain mucilage,  which  abforbs  vital  air,  and  makes 
them  rancid. 

2.  Effential  or  volatile  oils  differ  from  the  for- 
mer : their  fmell  is  ftrong  and  aromatic ; their 
tafte  hot  and  biting.  They  are  found  in  almoft 
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all  fragrant  vegetables,  and  are  fometimes  obtained 
by  preffure ; as  from  citron,  bergamot,  oranges, 
lemons : fometimes  by  infufion,  or  deco&ion, 
when  the  plant  is  boiled  a confiderable  time  in 
water  : but  they  are  for  the  moft  part  obtained 
by  diflillation  with  water — the  plants  are  cut  fmali, 
well  fteeped  in  water,  and  put  into  the  hill : what 
comes  over  by  the  procefs  is  called  a fimple  dijlilled 
•water.  Some  plants,  however,  are  fo  tender,  that 
it  is  better  only  to  expofe  them  to  the  fleam  of 
boiling  water ; for  which  purpofe  a piece  of  hair 
cloth  is  fpread  above  the  water  in  the  ftill,  and 
the  plants  laid  upon  this  : as  the  fleam  afcends,  it 
paffes  through  the  plants,  and  diffolves  their  effen- 
tial  oils. — Lavender  and  rofemary  for  inflance, 
give  a much  finer  and  more  fragrant  oil,  or  dif- 
tilled  water,  by  this  method. 

Some  eflential  oils  are  heavier  than  water,  and 
of  courfe  fink  to  the  bottom  of  that  which  comes 
over  with  them  in  the  procefs  ; fuch  as  thofe  of 
cinnamon,  cloves,  faflafras,  &c.  and  other  foreign 
plants — the  reft,  being  lighter,  fwim  at  the  top. 

The  aromatic  parts  of  plants  leem  to  be  diftinfl 
from  the  general  matter  of  the  plant : for  when 
examined  with  a microfcope,  there  are  found  a 
number  of  Aiming  particles,  which  being  removed, 
the  plants  have  no  aromatic  oil.  Thefe  particles 
conflitute  what  is  called  aroma : it  is  decompofed 
by  dephlogillicated  marine  acid,  and  is  inflammable, 
as  appears  from  its  taking  fire  in  fome  plants : it 
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combines  with  fixed  oils,  and  is  foluble  in  alcohol 
and  water. 

The  eflential  oils  are  fometimes  adulterated, 
cither  with  fat  oils,  or  with  rectified  fpirit  of  wine, 
or  with  inferior  eflential  oils.  In  the  firft  cafe, 
the  fraud  may  be  dete&ed  by  mixing  a little  fpirit 
of  wine  with  a few  drops  of  the  fufpe&ed  oil,  and 
lhaking  them  together  : the  fpirit  will  difiblve  the 
eflential,  but  not  the  fat  oil. — Another  method  is, 
by  dropping  the  fufpefted  oil  on  paper,  and  hold- 
ing this  over  a candle  : the  eflential  oils  evaporate, 
and  the  fat  oils  leave  a (lain  behind. 

In  the  fecond  cafe,  by  putting  a few  drops  of  the 
oil  into  clear  water,  which  will  become  white; 
and  by  continuing  to  fliake  the  glafs,  the  water 
will  abforb  the  whole  fpirit,  leaving  the  oil  pure 
at  the  top. 

In  the  third  cafe,  as  when  oil  of  turpentine  is 
mixed,  if  a bit  of  cloth  be  fteeped  in  the  oil,  and 
held  to  the  fire,  the  aromatic  fcent  flies  off,  leaving 
that  of  turpentine  behind.  Eflential  oils  are  highly 
inflammable.  Combined  with  fulphur  they  com- 
pofe  balfams : with  fulphuric  acid,  bitumens.  Gums 
and  fugar  render  them  foluble  in  water — in  medi- 
cine, both  fat  and  eflential  oils  are  of  confiderablc 
ufe. 

Camphor  is  a concrete  oily  fubftance,  which  is 
extra&ed  from  a kind  of  laurel,  or  bay  tree,  grow- 
ing in  China— it  refembles  eflential  oils  in  fome 
refpe&s,  and  may  be  depofited  from  them — it  has 
a bitterifh  aromatic  tafie,  and  fragrant  fmell, 
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fomewhat  like  rofemary,  but  much  more  power- 
ful— it  is  extremely  volatile,  fo  as  not  to  be  pre- 
ferved  except  in  clofed  veflels ; and  even  in  thefe 
it  fublimes  in  the  heat  of  fummer — and  will  for 
feveral  days  impregnate  a room,  at  the  fame  time 
loling  weight. 

The  method  of  obtaining  camphor  is,  by  chop- 
ping the  wood  and  other  parts  of  the  tree  very 
fmalf  and  deeping  them  for  fome  days  in  water — 
they  are  then  boiled  and  dirred  continually  till  a 
fap,  like  hoar  frod,  appears  on  the  dirring-dick  ; 
when  the  mafs  is  carefully  drained,  and  fet  to 
dand — after  a night’s  repofe  it  is  found  in  a folid 
form,  and  is  then  diddled  along  with  about  a 
twelfth  part  of  lime. — This  lad  procefs  being  re- 
peated, the  camphor  fublimes  in  fmall  whitifh 
grains. 

Camphor  is  dilfolved  largely  in  fpirit  of  wine, 
ether,  and  very  drong  acids. — If  water  be  added 
to  thefe  folutions,  it  feparates  the  camphor  from 
them,  but  .does  not  diffolve  it.  Fat  and  eflential 
oils,  with  the  adidance  of  heat,  didolve  and  cryf- 
tallize  it. 

Camphor,  if  cautioufly  adminidered  in  medicine, 
is  fometimes  of  great  fervice,  by  its  fedative  qua- 
lity ; which  is  fo  powerful  as  to  procure  deep 
in  cafes  where  opium  had  failed. 

3.  Refinous  juices  ufually  flow  from  incifions 
made  in  the  trunks  of  trees  for  the  purpofe. — 
Thofe  of  the  fragrant  kind,  when  thickened,  are 
called  balfams  : which  may  be  confldered  as  eflen- 
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tial  oils,  whofe  finer  and  more  volatile  parts  have 
been  exhaled  : for  thofe  oils  are  by  exhalation 
converted  into  fimilar  fubftances — the  other  kinds 
are  called  refins — refins  are  foluble  in  ardent  fpi- 
rit ; they  are  not  foluble  in  water,  a circumltance 
important  to  be  known  in  the  art  of  dyeing — they 
are  inflammable,  but  not  fo  volatile  as  the  effen- 
tial  oils : for  in  clofe  veffels  they  do  not,  like 
thefe,  rife  wholly,  but  are  decompofed  by  heat. 

Refinous  juices  flow  from  different  fpecies  of 
the  pine. — Chio,  or  Cyprus  turpentine,  from  a 
tree  which  grows  in  Spain,  France,  and  alfo  the 
ifles  of  Chio  and  Cyprus;  Venice  turpentine  from 
the  larch  tree ; common  turpentine  from  the 
Scotch  pine,  is  obtained  by  making  the  refinous 
juice  pafs  through  a bafket : and  if  the  thick 
matter,  which  remains  behind,  be  diftilled  with 
water,  oil  or  fpirit  of  turpentine  comes  over,  and 
may  be  fkimmed  off  the  furface  of  the  water  on 
which  it  fwims — when  all  the  oil  is  obtained,  the 
refidue  in  the  retort  is  common  yellow  refin. 

Tar  is  made  from  the  wood  of  the  pine  : — the 
wood  is  piled  up,  covered  with  turf,  and  fet  on 
fire : the  oil  not  being  able  to  pafs  through  the 
turf,  is  conveyed  into  veffels  by  means  of  gutters. 
If  boiled  for  a while,  without  adding  any  thing, 
and  let  to  flow  out,  it  is  what  is  called  common 
pitch.  But  the  white,  or  Burgundy  pitch,  flows 
from  the  tree  by  incifion,  is  fqueezed  through  linen 
cloths,  and  received  into  calks. 

Gum 
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Gum  refms  are  juices  mixed  with  refins  and 
gum : part  of  them  only  is  diffolved  in  water, 
fpirit  of  wine,  wine  and  vinegar. — A few  of  the 
principal  of  thefe  are,  affafetida,  of  a ftrong  nau- 
i'eous  fmell  and  tafte — it  is  extracted  from  a Per- 
iian  plant.  Aloes  is  a juice  of  a deep  reddifli 
brown  colour,  and  bitter  tafle — it  is  from  a Spa- 
nifti  plant.  Myrrh  is  brilliant  and  reddifh,  of  a 
ftrong  agreeable  fmell,  and  pleafant  tafte.  Elaf- 
tic  gum  is  extracted  from  a tree,  which  grows  in 
America:  the  juice  is  applied  upon  moulds,  in 
different  layers,  and  afterwards  dried  in  fmoke. 


CHAP. 


CHAP.  III. 


Of  the  Colouring  Matters  of  Vegetables . 


1H  E extra&s  of  vegetables,  called  their  co- 
louring matters  are  of  great  importance  to  be 
known : becaufe  upon  the  knowledge  of  them, 
the  ufeful  and  beautiful  arts  of  painting  and  dye- 
ing in  a great  meafure  depend.  The  procelfes 
of  thefe  arts,  fo  far  as  relates  to  the  prefent  fub- 
je£t,  are  founded  upon  the  folubility  of  the  co- 
louring matters  in  different  fluids ; upon  their  dif- 
ferent affinities ; upon  the  manner  of  applying 
them  to  the  bodies  to  be  painted  or  dyed ; and 
upon  the  means  of  rendering  the  colours  perma- 
nent and  lafting.  It  fliould  here  be  obferved 
that  the  colouring  matters  of  animal  fubffances 
as  well  as  vegetable  will  be  taken  into  con- 
flderation. 

There  are  feveral  colouring  matters  of  fuch  a 
nature  as  to  be  eaflly  diffolved  in  water,  and 
which  will  ftain  cloth  while  it  remains  in  their  fo- 

lution 
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lution,  but  the  colours  are  very  fading,  when 
obtained  merely  in  this  way.  Such  are  thofe  of 
cochineal,  kermes,  gum  lac,  madder,  dyer’s 
wood,  Indian  wood,  Brazil  wood,  logwood ; 
which  furnifh  red  or  yellow  colours  of  this  fort. 
Thus  as  foon  as  cloth  dipped  in  a folution  of  co- 
chineal is  taken  out  and  walked,  the  red  colour 
will  vanilli,  and  the  cloth  be  nearly  the  fame  as 
before  it  had  been  dyed. 

lo  remedy  this  defe<ft,  acid  falts  are  in  gene- 
ral employed  for  fixing  thefe  fugitive  colours. 
Thus  if  the  cloth  be  dipped  in  a folution  of  alum 
(which  confifts  of  fulphuric  acid  united  to  its 
earth)  and  afterwards  be  immerfed  in  the  folu- 
tion of  cochineal,  it  will  come  out  permanently 
coloured ; and  the  colour  will  not  be  difeharged 
even  by  walking  with  foap  and  water.  This  ef- 
fect is  fometimes  explained  by  fuppofing  the  co- 
louring parts  to  be  of  a loapy  nature ; fo  that 
when  the  acid  comes  in  contact  with  them  it 
feizes  the  alkaline  particles  of  the  colouring  mat- 
ter, fetting  free  the  reft  which  are  refinous,  and 
precipitating  them  upon  the  cloth.  Others  call 
this  effe<ft  a coagulation  fimilar  to  what  takes 
place  in  feparating  the  curd  of  milk  from  the 
whey : which  perhaps  does  not  greatly  differ 
from  the  former.  The  colours  thus  obtained,  by 
means  of  fome  other  fubftance  precipitating  the 
colouring  matter,  were  ufually  called  Lakes : 
the  fubftances  fo  employed  are  now  called  Mor- 
dants. And  the  explanation  now  given  of  the 

procefs 
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procefs  feems  to  be  ; that  the  mordant  has  an  at- 
traction both  to  the  cloth,  and  to  the  colouring 
matter ; by  means  of  which  it  ferves  as  a bond 
of  communication  between  both.  For  inftance, 
the  earth  of  alum  is  fixed  upon  the  cloth  by  its 
immerfion  in  the  folution  of  alum,  which  has  an 
attraction  for  the  cloth : and  the  fame  earth  has 
alfo  an  attraction  for  the  colouring  matter,  which 
by  means  of  this  is  fixed  upon  it  after  precipi- 
tation. 

Thefe  apparently  different  accounts  may  be  re- 
conciled by  fuppofing  (what  is  probably  the  cafe) 
a two-fold  operation  to  take  place ; one  in  which 
the  earthy  bafe  has  a part,  the  other,  in  which 
the  acid  is  employed.  For  that  this  acid  is  fe- 
parated  from  its  bafe  is  evident  from  another 
procefs,  which  is  thought  greatly  to  improve  the 
former : and  that  is,  to  add  a quantity  of  tartar 
to  the  folution  of  alum.  The  tartar  ferves  two 
purpofes  ; firft,  its  alkali  combines  with  the  ful- 
phuric  acid  of  the  alum,  and  fo  prevents  the 
cloth  from  being  corroded  by  it ; and  fecondly, 
the  acid  of  tartar  combines  with  the  earth  of  the 
alum  which  union  is  more  eafily  decompofed  by 
the  cloth,  than  the  alum  is.  And  the  fame  thing 
appears  from  another  improvement  in  the  procefs, 
which  is  made  by  mixing  fugar  of  lead  with  a fo- 
lution of  alum  : a double  attraction  takes  place, 
the  fulphuric  acid  uniting  with  the  lead  falls  down 
in  an  infoluble  powder,  while  the  acetous  acid 

combines 
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combines  with  the  earth  of  alum,  and  remains 
diifolved. 

There  are  other  mordants  befide  alum,  as  me- 
tallic calces,  oil  of  vitriol,  tartar,  fait,  fal  ammoni- 
ac, tan,  oil,  &c.  But  of  all  thefe  the  moil  va- 
luable is  the  folution  of  tin  in  aqua  regia,  which 
is  found  to  give  mod  colours  a very  high  degree 
of  beauty,  and  fome  permanency  to  the  mod 
fading.  It  is  by  means  of  this  alone  that  fear- 
let,  the  brighted  of  all  colours  is  produced : 
which  is  done  with  cochineal,  tartar,  and  folution 
of  tin  in  aqua  regia  : the  cochineal  giving  a crim- 
fon  colour,  the  tartar  having  the  property  of 
changing  the  cochineal  to  yellow  (which  two 
colours  compound  the  fcarlet)  and  the  folution 
of  tin  giving  to  the  whole  a bright,  and  beau- 
tiful fplendour.  Brazil  wood  yeilds  by  folution 
of  tin  a purplifh  crimfon,  logwood  a dark  purple  ; 
but  it  deflroys  the  colours  of  madder,  faflower, 
archil,  and  tincture  of  rofes. 

The  moO;  permanent  colours  for  fine  reds  are 
cochineal  and  gum  lac  : madder  and  kermes  for 
coarfer  reds : weld  and  fome  other  vegetables  for 
yellow.  It  is  to  be  obferved  that  woollen  cloths 
are  mod  eafily  dyed,  and  take  the  bed  colours  of 
this  kind  next  to  thofe ; filk,  then  cotton,  and 
lad  of  all,  linen  : and  that  the  two  lad  having  a 
weaker  affinity  to  earth  of  alum,  than  wool  or 
filk,  require  mordants,  which,  like  the  improve- 
ments abovementioned,  ffiall  feparate  the  ful- 

phuric 
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phuric  acid  from  that  earth,  and  fo  render  the 
combination  of  this  with  the  cloth  the  ealier. 

Wool  in  fleece  is  feldom  dyed  fcarlet,  for  two 
reafons ; flrft,  becaufe  in  fabricating  the  cloth,  in 
lpinning,  twilling  and  weaving,  fome  other  co- 
loured wool  might  mix  with  it,  and  fo  injure  the 
colour  ; and  fecondly,  becaufe  being  heightened 
with  an  acid,  it  cannot  well  endure  the  procefs  of 
fulling,  in  which  alkaline  foaps  are  employed. 
Thefe  reafons  apply  to  a certain  extent  to  all  the 
Ample  colours  viz.  blues,  yellows,  reds,  and 
blacks : and  particularly  to  fuch  of  them  as  have 
been  obtained  by  acid  mordants. 

The  principles  now  laid  down  may  alfo  be  ap- 
plied to  obtain  colours  of  this  fort  for  painting  : 
of  which  the  following  inftances  may  be  fufficient. 
If  about  a pound  of  turmeric  root,  three  pints  of 
water,  and  an  ounce  of  fait  of  tartar,  be  boiled 
together  over  a gentle  fire,  till  the  water  ftains 
paper  a beautiful  yellow ; and  if  the  liquor  be 
then  filtred,  adding  to  it  by  degrees  a ftrong  fo- 
lution  of  alum  in  water,  till  the  yellow  matter  is 
precipitated  ; this  precipitate,  after  it  be  well  wafli- 
ed  and  freed  from  water,  is  the  yellow  paint  cal- 
led lac  of  turmeric.  It  is  fo  called  from  gum  lac 
one  of  the  firft  invented,  and  fined  of  this  fort, 
affording  a beautiful  red.  Again,  let  calx  of  tin 
with  alum  be  well  rubbed  together  in  a glafs  mor- 
tar, fo  as  to  mix  the  fubftances  as  well  as  poflible; 
let  the  mixture  be  dried,  and  reft  for  fome  time ; 
extract  the  colouring  matter  required,  as  from 

cochineal 
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cochineal,  by  means  of  fpirit  of  wine  without  heat; 
and  let  this  be  poured  by  degrees  upon  the  calx, 
rubbing  the  ingredients  well  together.  When 
the  procefs  is  over,  the  fpirit  foon  evaporates 
and  leaves  the  mixture  coloured  like  carmine. 
If  inferior  colours  only  be  wanted,  the  colouring 
matter  may  be  extracted  by  water. 

There  is  another  method  of  dying  colours  from 
fubftances  fimilar  to  thofe  already  fpoken  of ; 
which  may  ferve  well  enough  for  a coat  or  ground 
for  more  brilliant  colours.  Thefe  are  afforded 
by  walnuts  and  almofl  all  aflringent  vegetables. 
The  procefs  is  very  fimple.  The  vegetables  are 
boiled  in  water,  till  the  colouring  matter  is  ex- 
tracted : and  this  being  diffufed  through  the  fluid 
partly  by  heat  and  alfo  by  the  folubility  of  fome 
parts  of  the  plants,  is  kept  fufpended,  fo  long 
as  a certain  degree  of  heat  continues : but  as  the 
liquid  cools,  it  is  precipitated,  and  in  its  precipi- 
tation is  attracted  by  the  cloth,  to  which  it  gives 
a good  lading  dye.  In  this  cafe,  it  feems  as  if 
the  cooling  of  the  liquor  produced  the  feparation 
of  the  foluble  and  infoluble,  or  of  the  foapy  and 
refinous  particles : and  fince  the  colour  is  per- 
manent, it  follows  that  the  efficacy  of  mordants 
muft  in  a confiderable  degree  be  owing  to  the  ac- 
tion of  their  acids  in  making  a feparation  of  the 
fame  kind. 

Other  colouring  principles  are  of  fuch  a nature, 
as  to  be  quite  infoluble  in  water,  but  can  be 
diffolved  in  alkalies,  which  convert  them  into  a 

kind 
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kind  of  foapy  date.  Of  tliefe  the  principal  are 
thofe  which  follow — anotta,  from  the  feeds  of  the 
bixa,  in  South  America,  which  yields  a fine 
orange.  Alkalies  difiolve  it,  and  render  it  per- 
fectly foluble  in  boiling  water.  If  .w’ool  or  filk  be 
dyed  in  the  folution,  they  acquire  a deep,  but  not 
lading,  orange  dye  ; which  is  difcharged  by  wattl- 
ing, and  fades  by  expofure  to  the  air.  It  is  of 
ufe  to  deep  the  fubdances  dyed  with  it  in  a weak 
acid. — Anotta  can  be  diflfolved  in  rectified  fpirits 
of  wine,  and  is  ufed  as  an  ingredient  in  varnilhes, 
to  give  an  orange  cad  to  yellows. 

Archil  is  another  of  this  clafs,  extracted  from  a 
fort  of  mofs  which  grows  upon  rocks  in  the 
Canary  and  Cape  de  Verd  iflands. — It  is  a fine 
rich  purple,  but,  like  the  former,  of  fiiort  duration, 
nor  has  any  method  yet  been  druck  out  to  make 
it  permanent — this  likewife  is  employed  to  give  a 
bloom  to  other  colours.  A folution  of  tin  is  faid 
to  change  it  towards  a fcarlet,  and  to  make  the 
dye  of  this  new  colour  more  lading  than  the  natu- 
ral one.  The  mod  valuable  of  that  clafs,  which  is 
infoluble  in  water,  is  indigo;  it  is  extra&ed  from 
the  plants  and  dems  of  the  indigo  tree  deeped  in 
water  and  bruifed — in  fome  time  thefe  ferment, 
and  the  liquid  becomes  green  : it  is  then  decanted 
off  and  agitated  in  large  flat  veflels,  till  blue  flocks 
appear,  when  lime-water  is  poured  on,  and  preci- 
pitates them.  The  precipitate  is  made  up  into 
fmall  Ihapes,  dried,  and  fold  under  the  name  of 
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indigo— it  is  reckoned  good  if  it  fwims  upon  water, 
being  valued  according  to  its  lightnefs. 

Pure  indigo  has  but  one  proper  folvent,  concen- 
trated fulphuric  acid — when  faturated  the  folution 
appears  black,  but  being  diluted  with  water  it 
affumes  a fine  blue,  called  liquid  blue — this  is  often 
ufed  to  dye  wool  and  filk,  and  the  colour  has  the 
name  of  Saxon  blue.  But  cotton  and  linen  not 
having  fo  flrong  an  affinity  to  indigo  as  wool  and 
filk,  require  a different  procefs,  as  will  be  feen 
prefently. — However,  all  thefe  four  fubfiances 
have  fo  ftrong  an  affinity  for  it,  as  to  be  capable 
of  being  dyed  by  it  without  a mordant. 

But  the  common  method  of  dyeing  with  indigo 
is  not  by  this  folution,  but  by  reducing  the  indigo 
to  a green  colour,  and  then  diffolving  it  in  water, 
by  means  of  alkalies,  which  in  this  date  aft  rea- 
dily upon  it.  This  may  be  done  by  mixing  with 
it  fuch  fubfiances  as  have  a ftronger  affinity  to 
vital  air  than  indigo  has ; for  the  blue  indigo  is 
but  the  green  faturated  with  this  air.  Thus 
indigo  is  diffolved,  when  mixed  with  pure  anti- 
mony and  pot-afh.  It  may  alfo  be  diffolved  by 
being  mixed  in  water  with  vegetable  fubfiances 
which  undergo  fermentation  : during  which  the 
indigo  lofes  its  vital  air,  and  may  then  be  diffolved 
by  means  of  lime,  or  alkali,  as  before.  In  the 
dyeing  of  wool,  the  vegetable  fubfiances  generally 
employed  are,  woad  and  bran — woad  of  itfelf 
affords  a good  lading  blue,  and  therefore  affifls 
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the  procefs  in  this  refpeft.  When  the  folution  of 
the  ingredients  is  complete,  the  liquid  appears  of 
a green  colour  within,  but  blueilh  toward  the 
furface,  on  account  of  its  contiguity  to  the  air, 
whofe  vital  part  it  attratts.  A fimilar  appearance 
is  made  by  the  cloth,  which  fo  long  as  it  remains 
immerfed  in  the  liquid  is  quite  green,  but  when 
drawn  out  foon  becomes  quite  blue. — Silk  is  dyed 
with  fix  parts  of  indigo,  fix  of  bran,  and  one  of 
madder  llirred  together  in  water,  with  fix  of  com- 
mon pot-afti  added  to  them. — This  gives  but  a 
light  blue  to  the  filk,  which  ought  to  receive 
another  colour  previoufly  for  a ground.  Archil  is 
ufually  employed  for  this  purpofe. 

Cotton  and  linen  are  dyed  by  one  part  of  indigo, 
one  of  green  vitriol,  and  two  parts  of  quick-lime, 
ftirred  well  together  in  water. — The  lime  decom- 
pofes  the  vitriol,  fetting  free  the  green  calx,  which 
ftrongly  attra&s  vital  air  from  the  indigo,  and  thus 
reduces  it  to  that  date  in  which  the  lime  can  dif- 
folve  it.  The  cloth  goes  through  a fucceflion  of 
vats,  beginning  with  thofe  which  contain  the  lead: 
colouring  matter,  and  ending  with  the  Itrongefl 
dye.  By  this  method,  the  cloth  is  dyed  more 
equally. 

The  colours  already  mentioned,  are  called 
fimple:  compound  colours  are  thofe  which. arife 
from  mixing  together  the  fimple  colours. — Thus 
green  is  a compound  of  blue  and  yellow  : it  is 
firfh  dyed  with  one  of  the  fimple  colours,  and 
afterwards  with  the  other.  Wool  is  dyed  firfh 
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blue,  and  then  yellow  : io  are  cotton  and  linen  : 
but  filk  is  firfl  dyed  yellow,  by  means  of  weld,  and 
then  blue — blue  mixed  with  red  gives  violet,  pur- 
ple, and  lilac — yellow  with  red  gives  orange,  See. 

There  are  other  colouring  parts  of  vegetables, 
which  are  foluble  in  oils,  as  alkanet : this  imparts 
a beautiful  red  to  oily  fubflances. — Spirits  of  wine 
alfo  dilTolve  others. 

It  fhould  in  general  be  obferved,  that  printed 
or  dyed  linens  and  cottons,  ought  to  refill  the 
action  of  foap  : and  woollen  the  action  of  acids 
which  may  accidentally  fall  on  them. 

The  extractive  matter  of  vegetables  abforbs 
vital  air  from  the  atmofphere,  but  much  more 
from  dephlogiflicated  marine  acid,  forming  a red 
powder  : it  alfo  is  foluble,  as  we  have  feen,  in 
alkalis ; and  when  the  folution  has  abforbed  more 
vital  air  from  the  atmofphere,  it  forms  fubflances 
analogous  to  refins. 


ciiap. 
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The  acids  peculiar  to  vegetables  are,  the  effen- 
tial,  the  fermented,  and  the  empyreumatic. — 
Mineral  falts  are  alfo  found  in  vegetables,  which 
are  fuppofed  to  enter  the  velfels  of  plants,  and  to 
remain  there  unaltered : but  thefe  evidently  do 
not  belong  to  them.  The  effential  acids  are  fuch 
as  are  obtained  fimply  by  preffure,  fuch  as  the 
acids  of  lemons,  forrel,  &c.  : the  fermented 

acids  are  thofe,  which  after  undergoing  certain 
proceffes  of  fermentation,  yield  vinegar ; and  the 
empyreumatic  acids  are  thofe,  which  by  dry  diftil- 
lation  afford  a volatile  alkali. 

The  acid  of  lemons  is  liable  to  great  changes, 
from  the  mucilaginous  matter,  or  pulp,  with  which 
it  is  mixed  in  its  firft  hate,  after  being  expreffed 
from  the  fruit. — To  preferve  this  acid,  which  is 
of  great  value  for  domeftic  and  other  purpofes, 
various  methods  have  been  adopted. — It  is,  fome- 
times,  mixed  with  fpirits  and  fugar,  after  the  pulp 
has  been  fuffered  to  depofit  and  then  been  removed : 
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it  is  preferved  by  covering  its  furface.  with  a coat 
of  oil,  which  anfwers  tolerably  well,  except  that 
the  juice  lofes  its  frefh  tade  : fometimes  it  is  eva- 
porated with  a gentle  heat  to  a thick  confidence, 
during  which  the  pulp  feparates,  partly  fubftding, 
and  partly  rifing  to  the  furface ; this  mud  be 
carefully  taken  away,  and  the  remaining  acid  pre- 
ferved in  clofe  bottles. — In  this  procefs  the  acid  is 
concentrated ; for  no  part  of  it  goes  off  in  vapour. 
Another  method,  and  the  mod  approved,  for  pre- 
ferving  lemon  acid,  is  by  freezing — it  is  differed 
to  depoilt  the  pulp  for  fome  time,  then  carefully 
decanted  and  filtred  ofF : and  this  may  be  repeated 
— it  is  then  expofed  to  cold,  feven  or  eight  degrees 
below  the  freezing  point : and  the  ice  continued 
to  be  removed,  till  it  begins  to  get  an  acid  tade  : 
the  remaining  acid  is  concentrated  to  feven  or 
eight  times  its  drd  drength,  and  may  be  preferved, 
if  well  clofed  up  in  this  date,  or  made  into  a dry 
lemonade,  b.  adding  about  fix  times  its  weight  of 
loaf  fugar. 

For  chemical  purpofes  more  accuracy  is  neced 
fary  in  obtaining  the  pure  acid.  For  this  pur- 
pole,  the  lemon  juice,  in  a boiling  date,  is  to  be 
faturated  with  powdered  chalk  : a powder,  con- 
fiding of  the  acid  joined  to  lime,  falls  to  the 
bottom,  which  mud  be  well  wafhed  with  warn, 
water. — Diluted  l'ulphuric  acid  is  then  gradually 
poured  on  this  powder,  which  uniting  with  the 
lime  will  form  a precipitate,  leaving  the  lemon 
acid  did'olved  in  the  duid — tills  folution  is  then 
evaporated  to  the  confidence  of  a thin  fyrup : and 
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a fmall  portion  of  fulphuric  acid  again  added,  till 
no  lime  be  fuffered  to  remain : after  which  the 
acid  of  lemons  cryftallizes  by  evaporation.  This 
acid  is  fometimes  called  citric  acid,  as  being  ob- 
tained from  citrons ; and  may  alfo  be  had  from 
ftraw.  It  is  feldom  found  in  an  uncombined  ftate, 
but  mixed  with  others. — Acid  of  lemons  is  of 
extenfive  ufe  in  cookery  and  medicine,  &c.  and  is 
fometimes  employed  to  take  out  ftains  from  cloths. 

Acid  of  apples,  called  vialic  acid , is  another  of 
thofe  which  are  obtained  by  prefliire. — The  fame 
acid  abounds  alfo  in  other  four  fruits. — It  is  puri- 
fied by  firft  faturating  it  with  vegetable  alkali  *. 
and  then  by  gradually  adding  a folution  of  lead  in 
vitriolic  acid — a double  elective  attraftion  takes 
place  : the  vitriolic  acid  combining  with  the  vege- 
table alkali,  and  forming  vitriolated  tartar  ; while 
the  acid  of  apples  unites  with  the  lead,  forming  an 
infoluble  precipitate : to  complete  which,  a little 
lugar  of  lead,  in  a ftate  of  folution,  is  added. 
The  vitriolated  tartar  being  foluble,  is  walhed  off 
from  the  infoluble  precipitate : and  to  this  is 
added  diluted  vitriolic  acid,  which  feparates  the 
lead,  leaving  the  acid  of  apples  free. — This  acid 
cannot  be  cryftallized,  but  always  remain?  in  a 
liquid  ftate : or,  if  much  evaporated,  attra&s 
moifture  from  the  atmofphere. — It  precipitates 
filver,  lead,  and  quickfilver,  from  their  folutions  in 
nitrous  acid,  and  alfo  gold  from  its  folution,  when 
diluted. — It  is  converted  into  acid  of  fugar,  by 
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diddling  nitrous  acid  from  it.  Malic  acid  is  found 
generally  uncombined. 

There  are  fome  fruits,  fuch  as  goofeberries, 
which  contain  in  them  both  the  acid  of  lemons, 
and  acid  of  apples. — Thefe  are  feparated  in  the 
following  manner — the  juice  is  evaporated  to  the 
confidence  of  fyrup  : then  ardent  fpirits  is  added, 
which  attracting  the  acids,  fets  free  the  pulp. — 
This  being  removed  by  filtration,  and  the  ardent 
lpirit  afterwards  driven  off  by  evaporation,  the 
acids  are  faturated  with  chalk. — When  the  folu- 
tion  has  been  boiled  for  a few  minutes,  the  acid 
of  lemons,  with  its  chalk,  falls  to  the  bottom, 
while  the  acid  of  apples,  a more  powerful  folvent, 
holds  its  chalk  fufpended,  and  may  with  it  be 
decanted  off. — The  lalt  of  lemons  may  then  be 
feparated  from  its  bafe  of  chalk  by  vitriolic  acid  : 
while  the  other  fait  of  apples  may  be  treated  with 
fugar  of  lead  nearly  as  before. 

It  has  been  generally  fuppofed,  that  certain 

vegetables,  poffeffing  an  adringent  property,  owe 

to  this  their  power  of  precipitating  metals  from 

their  folution.  But,  probably,  thefe  effe&s  are 

% 

rather  owing  to  an  acid,  which  is  found  in  them. 
The  principal  of  thefe  is  the  nut-gall,  wdiich  is  one 
of  the  chief  ingredients  of  ink,  on  account  of  its 
great  power  of  precipitating  iron  from  a folution 
of  vitriol,  as  was  mentioned  on  a former  occalion. — 
Ink  is  bed  made  by  infufing  one  part  of  martial 
vitriol,  one  of  powdered  logwrood,  and  three  of 
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powdered  galls,  in  one  quart  of  white  wine,  or 
water,  allowing  for  each  quart  an  ounce  of  vitriol, 
and  an  ounce  of  gum  Arabic — the  mixture  mull 
be  lhakeri  feveral  times  each  day,  during  ten  01- 
twelve  days,  and  then  decanted  for  ufe.  Vinegar 
is  not  fo  good  as  wine  or  water,  for  it  foon  cor- 
rodes and  blunts  the  writing  pen. — Ink  grows 
black  by  expofure  to  air ; probably  from  the  acid 
becoming  flronger  by  attracting  vital  air. — This 
acid  mav  be  feparated  from  the  other  matters  of 
the  galls,  by  adding  fixed  alkali  to  a decoction  of 
them:  for  this  fets  free  the  allringent  matter,  and 
unites  itfelf  to  the  acid. — Or  it  may  be  obtained 
by  diftillation  of  the  galls,  in  which  procefs  an 
acid  liquor  firlt  comes  over,  and  afterwards  a vola- 
tile fait,  which  is  the  true  acid.  It  may  alfo  be 
procured  by  cryltallization,  if  an  infufion  of  them 
be  made  with  cold  water,  and  expofed  for  a long 
time  to  the  aCtion  of  the  air,  removing  conllantly 
the  fcum  from  the  furface  : the  fediment,  at  laid, 
by  filtring  and  evaporating,  forms  into  cryllals. 

This  acid  unites  with  lime,  magnefia,  and  pon- 
derous earth,  forming  with  them  foluble  falts — it 
reddens  blue  paper,  decompofes  moll  of  the  me- 
tallic folutions,  and  combines  with  their  calces. 

Acid  of  benzoin  is  another  vegetahle  acid,  con- 
tained in  a refill,  which  flows  from  a tree  in 
Sumatra. — The  bark  is  cut,  and  the  flowing  fub- 
llance  concretes  by  expofure  to  air,  when  it  is 
fcraped  off  with  a knife.  What  iffues  firfl:  from 
the  tree  is  white,  foft,  and  fragrant,  and  is  reck- 
oned 
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oned  pureft : that  which  comes  after  is  brown, 
and  is  Jets  efteemed. 

If  this  refmotis  fubftance  be  diftiiled  with  a 
gentle  heat,  it  fablimes  into  a fine  faline  matter, 
of  a fragrant  fmell,  and  {lightly  acid  tafte,  called 
flowers  of  benzoin,  which  are  much  ufed  in  medi- 
cine. But  the  acid  is  belt  obtained  in  the  humid 
way,  by  mixing  about  nine  pounds  of  lime  water 
with  one  of  benzoin  in  powder  ; which  is  to  be 
done  by  firlt  pouring  on  but  a few  ounces  of  the 
lime  water,  and  by  agitating  the  mafs  continually, 
both  now  and  after  the  reft  of  the  water  is  added, 
and  expofed  to  a gentle  heat.  When  the  liquor 
is  cool,  it  is  decanted  ; and  this  procefs  twice  re- 
peated with  the  refidue. — All  the  waters  are  then 
evaporated  to  two  pounds,  during  which  a fmall 
quantity  of  refill  falls  down. — After  this,  a little 
marine  acid  is  added,  drop  by  drop,  till  no  more 
precipitation  takes  place. — The  precipitate  is  acid 
of  benzoin. 

In  this  procefs,  the  lime  and  acid  of  benzoin 
have  been  united  by  heat : the  evaporation  dimi- 
nifties  the  water,  and  in  fo  doing,  firft  lets  fall  a 
fmall  quantity  of  refill,  and  afterwards  the  acid  of 
benzoin. — Then  the  marine  acid  takes  up  the 
lime,  fetting  the  remainder  of  the  acid  of  benzoin 
free:  which,  being  rather  infoluble,  finks  to  the 
bottom. 

Acid  of  tartar  is  the  acid  of  that  fait,  which 
during  fermentation  is  thrown  off  from  wine,  and 
dcpofited  upon  the  fides  of  the  wine  calks : and 
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is  of  a whitifh  or  red  colour,  according  to  the 
colour  of  the  wines. — This  fait,  however,  is  not 
the  effect  of  fermentation,  for  it  is  found  ready 
formed  in  the  juice  of  the  grape,  tamarinds,  and 
other  fruits,  and  in  verjuice. 

Tartar,  when  burnt,  yields  an  alkali,  which 
is  called  fait  of  tartar.  Cream  of  tartar  on  the 
other  hand  is  an  acid  (at  lead  for  the  mofl  part) 
and  is  obtained  by  diffolving  the  tartar  in  boiling 
water,  and  afterwards  by  filtring  and  evaporation. 
When  the  cryftals  fo  obtained  are  boiled  with 
clay  or  whites  of  eggs  to  raife  the  impurities,  and 
the  fcum  has  been  removed,  a light  Ikin  or  co- 
vering of  fait  begins  to  appear  on  the  furface, 
while  cryftals  are  formed  at  the  bottom.  Thefe 
are  both  blended  together,  and  are  either  called 
from  the  former  cream  of  tartar , or  cryjiah  of 
tartar  from  the  latter. 

If  the  folution  of  this  fait  be  expofed  to  the 
air,  a foft  gummy  fubftance  is  depofited,  the  acid 
difappears,  and  at  the  end  of  about  eighteen 
months  the  liquid  is  found  to  contain  vegetable  al- 
kali, equal  in  weight  to  what  would  have  been 
obtained  from  burning  the  tartar.  Whatever  be 
the  caufe  of  this  change,  it  proves  that  the  vege. 
table  alkali  is  not  the  produft  of  fire. 

Cream  of  tartar  was  formerly  luppofed  to  be 
an  acid  mixed  with  earthy  impurities ; but  is 
now  fhewn  to  be  a compound  fait,  containing  an 
alkali  joined  to  an  acid,  but  in  which  the  acid  is 
predominant.  And  accordingly  if  the  fait  be 
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diffolved  in  boiling  water,  and  powdered  chalk  be 
added,  till  effervefcence  ceafes,  a precipitation 
takes  place,  and  the  remaining  liquor  being  eva- 
porated yields  what  is  called  foluble  tartar  j the 
very  fame  fait  which  arifes  from  combining  vege- 
table alkali  to  faturation  with  cream  cf  tartar.  The 
precipitate  confiffs  of  the  chalk  united  to  the  ex- 
cefs  of  the  acid.  Cream  of  tartar,  boiled  in  four 
or  five  times  its  weight  of  water,  and  faturated 
with  fofiile  or  mineral  alkali,  affords,  by  filtring 
and  evaporating,  a fait  called  Rochelle  fait,  or  fal 
de  Seignette,  from  the  name  of  its  difcoverer.  at 
Rochelle.  It  is  a gentle  purgative,  and  lefs  nau- 
feous  than  molt  others. 

Cream  of  tartar,  combined  in  equal  quantity 
with  glafs  of  antimony,  produces  the  powerful 
medicine  called  tartar  emetic , as  we  have  had  oc- 
cnfion  to  mention  before.  The  pure  acid  of  tar- 
tar may  be  obtained  by  boiling  cream  of  tartar  in 
five  or  fix  times  its  weight  of  water,  then  adding 
by  little  and  little  ftrong  vitriolic  acid  till  all  pre- 
cipitation [ceafes.  Vitriolated  tartar  will  be  pre- 
cipitated, and  the  remaining  liquor  being  filtred 
and  evaporated  to  the  confidence  of  a fyrup  will 
yield  cryffals. 

The  acid  of  tartar  is  ufed  in  the  arts : cream  of 
tartar  combined  with  antimony,  iron  &c.  &c.  is 
ufed  in  medicine  &c. 

Acid  of  fugar  is  obtained  by  frequent  diftilla- 
tions  of  fine  powdered  fugar  with  about  three 
times  its  weight  of  firong  nitrous  acid.  It  has 

great 
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great  power ; a few  grains  of  it  giving  an  acid 
tafte  to  a pint  of  water ; and  one  part  of  it  fatu- 
rating  fix  parts  of  volatile  alkali.  It  a&s  upon 
all  metals,  if  they  have  been  previoufly  dilfolved 
in  an  acid,  and  afterwards  precipitated.  Iron  in 
the  metallic  (late  is  largely  dilfolved  by  acid  of 
fugar.  This  acid  is  thought  to  be  the  fame  with 
the  acid  of  forrel,  which  is  obtained  from  the 
oxalis  or  wood  forrel. 

Befide  thefe,  are  many  other  vegetable  acids 
or  falts,  which  may  be  difcovered  by  fire,  or  by 
the  nitrous  acid  ; as  acid  of  camphor,  cork,  &c. 
$cc. : but  thefe  have  not  yet  been  applied  to  fo 
ufeful  purpofes  as  the  foregoing.  It  fhould  be 
obferved,  that  fome  fubflances  contain  feveral  of 
thofe  vegetable  acids,  or  at  lead  more  than  one : 
that  all  thefe  acids  confid  of  charcoal  and  inflam- 
mable gas ; and  that  they  are  convertible  into 
each  other  by  means  of  the  nitrous  acid, 
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Of  Fermentation  ; and  firjl  of  Vinous  Fermentation . 


After  having  confidered  the  principles  of  ve- 
getables which  are  difcovered  either  by  fimple 
expreflion,  or  by  the  attion  of  fire,  we  fhall 
now  confider  the  changes  they  undergo  by  fer- 
mentation. 

Fermentation  is  a fpontaneous  motion  which  is 
excited  in  vegetables  and  other  organized  fub- 
ftances,  and  which  totally  changes  their  proper- 
ties. To ’carry  on  this  procefs  the  general  requi- 
fites  are,  ift,  that  the  fubftances  be  in  fomemea- 
fure  fluid  ; 2ndly,  that  there  be  heat  in  a greater 
or  lefs  degree ; 3rdly,  that  there  be  accefs  of 
air.  Bodies  quite  dry  will  not  undergo  fermen- 
tation ; neither  will  they  in  very  intenfe  cold  ; 
nor  in  a fpace  void  of  air.  Air  is  probably  a 
great  folvent  of  many  component  parts  of  bodies : 
and  without  heat  and  moifture  very  few,  if  any 
chemical  proceffes  take  place  : and  fermentation 
is  a natural  procefs  of  this  kind. 


There 
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There  are  three  principal  kinds  of  fermentation, 
i ft,  the  vinous  or  fpirituous  which  produce  wine 
or  fpirits : 2ndly,  the  acetous,  the  product  of 
which  is  vinegar : 3rdly,  the  putrid,  which  pro- 
duces volatile  alkali.  Thefe  are  thought  by  fome 
writers  to  follow  in  the  conftant  order  here  laid 
down.  But  this  is  queftioned  by  others,  who 
contend  that  the  laft  fometimes  takes  place  with- 
out any  appearance  of  the  former  two.  It  fhould 
be  obferved  alfo,  that  vinegar  can  be  produced  by 
other  chemical  means  befide  fermentation.  In 
the  vinous  or  fpirituous  fermentation,  befide  the 
general  conditions  juft  mentioned,  the  fubftances 
mull  contain  faccharine  juices,  and  mucilage,  and 
ought  to  be  in  large  malfes  fufficient  to  excite  a 
confiderable  degree  of  motion.  When  thefe 
conditions  take  place,  the  fermentation  goes  on ; 
attended  with  an  increafe  of  bulk  in  the  mixture, 
a turbid  or  troubled  appearance,  a rifing  of  fome 
parts  of  the  mixture  to  the  furface  in  a kind  of 
yeaft  or  froth,  and  a difcharge  of  aerial  acid  in  the 
form  of  bubbles.  As  the  liquor  becomes  briik 
and  heady,  thefe  appearances  ceafe.  In  the 
above  procefs  mucilage  abforbs  vital  air,  and  thus 
probably  contributes  to  the  fermentation. 

The  bell  of  all  fermented  liquors  is  wine,  the 
juice  prefled  from  the  grape.  The  grapes  are 
put  into  a veflfel,  expofed  to  a heat  of  about  47  ° 
of  Farenheit,  bruifed,  trampled,  and  much  agi- 
tated : after  which  the  fermentation  is  excited, 
and  the  appearance  abovementioned  take  place. 

When 
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When  the  wine  is  made,  it  is  let  out  below  into 
open  barrels : where  it  undergoes  a fecond, 
though  infenfible,  fermentation,  which  more  in- 
timately combines  its  principles.  In  this  procefs 
a fine  ley  and  tartar  are  precipitated  upon  the 
fides  of  the  veflels. 

Wines  greatly  differ  from  each  other,  on  ac- 
count of  the  quality  of  the  grape,  the  climate, 
foil,  and  other  natural  caufes ; as  likewife  from 
the  different  managements  in  the  procefs  of  ma- 
king. If  the  fruit  be  unripe,  the  wine  will 
abound  with  an  acid,  and  have  a thin  fharp  tafte: 
if  the  fruit  be  ripe,  the  wine  will  be  more  fweet 
and  mellow.  Cafking  it  up  in  an  earlier  or  later 
ftage  of  fermentation  has  alfo  a fenfible  effect 
upon  the  flavour,  the  wine  having  in  the  former 
cafe  a flronger  tafle  of  fugar,  which  has  not  had 
time  to  be  decompofed.  If  the  fermentation  has 
been  checked  by  too  great  cold,  the  wine  wants 
that  briik  and  lively  tafte,  which  arifes  from  the 
efcape  of  fixed  air  during  the  fermentation.  By 
procefles  fimilar  to  this,  cyder  and  perry  are 
made  from  the  juices  of  apples  and  pears.  Beer 
is  extracted  from  barley  in  the  following  manner. 
Barley  is  firft  reduced  to  malt  by  being  fteeped  in 
water  about  two  days  to  foften  it.  The  water 
being  then  drained  off,  the  barley  is  laid  thick 
upon  a floor,  where  it  begins  to  flioot  and  grow, 
and  fo  to  unfold  the  faccharine  juices.  As  foon 
as  this  appearance  takes  place,  it  is  then  fpread 
thinner,  and  turned  over  twice  a day  for  two 
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days : after  which  it  is  made  into  a heap,  and 
fuffered  to  become  fenfibly  hot ; then  it  is  taken 
to  the  kiln,  and  dried  into  malt.  The  malt,  be- 
ing ground,  is  put  into  a large  velfel,  and  hot 
water  under  the  degree  of  boiling,  poured  on ; 
and  the  whole  is  ftirred  about  to  extraft  the  juice. 
When  this  operation,  called  mafhing,  is  over, 
the  liquor  is  fuffered  to  hand  for  fome  time,  and 
is  then  drawn  off  at  the  bottom : this  makes  the 
hrongeh  beer.  Another  decoction  is  made  weak- 
er than  the  former,  and  both  are  either  mixed  or 
kept  feparate.  They  are  then  boiled  with  hops, 
which  gives  a pleafant  bitter  aromatic  tahe  to  the 
beer,  and  renders  it  lefs  liable  to  be  fpoiled  in 
keeping  : afterwards  it  is  cooled  in  fhallow  vef- 
fels,  where  it  is  allowed  to  ferment  with  the  ad- 
dition of  barm. 

It  is  evident  that  the  quality  of  the  beer  muff 
depend  not  only  on  the  quality  and  proportions 
of  the  materials,  but  alfo  on  the  careful  manage- 
ment  of  the  whole  procefs.  In  breweries,  v'here 
great  nicety  is  obferved,  the  thermometer  is  con- 
ftantly  ufed  to  regulate  the  temperature  of  the 
fluids. 

Meath  and  methcglin  are  the  product  of  fer- 
mented honey,  and  rum  of  tile  fugar  cane,  or  of 
fugar  diffolved  in  water,  after  it  undergoes  fer- 
mentation. 

The  products  of  all  this  kind  of  fermentation 
are  liquors,  more  or  lefs  coloured,  of  an  aromatic 
fmell,  a hot  and  pungent  taffe ; which,  taken  in 
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fmall  quantities,  animate  the  weakened  fibres,  and 
exhilarate  the  fpirits,  but  taken  in  large  quanti- 
ties, relax  and  enfeeble  the  powers  both  of  body 
and  mind.  They  are  compounds  of  different  fub- 
ftances  ; grape  wine  for  inftance  is  a compound  of 
water,  ardent  fpirit,  fait  of  tartar,  and  a certain 
extract,  to  which  red  wines  owe  their  colours. 
It  is  from  the  circumftance  of  ardent  fpirit  making 
a part  in  wine,  and  every  other  produft  of  the 
firft  kind  of  fermentation,  that  this  is  called  fpiri- 
tuous  as  well  as  vinous  fermentation. 
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Of  Spirit  of  Wine  and  Ether. 


L HE  product  of  the  vinous  fermentation  con- 
tains an  ardent  fpirit,  which  is  to  be  obtained  pure 
by  repeated  diftillations. — If  wine  be  diftilled  in  a 
boiling  (late,  a fluid  comes  over  into  the  receiver, 
of  a whitifli  colour,  a pungent  hot  tafte,  and  a 
ftrong  fweet  fmell  ; it  is  called  aquavit# . — The 
fpirit  is  here  more  concentrated  than  before  : but 
this  fluid  ftill  confifls  of  water,  ardent  fpirit,  and  a 
fmall  quantity  of  oil,  which  gives  it  in  fome  time  a 
yellow  colour  : — and  this  colour  is  further  deep- 
ened by  age,  the  aqua  vitas  imbibing  the  extractive 
matter  of  the  calks  which  contain  it. 

It  Ihould  be  obferved,  that  after  wine  has  been 
decompofed  by  thus  diflilling  it,  it’s  former  pro- 
perties cannot  be  reftored  again  by  fynthefls,  viz. 
by  combining  the  fpirituous  product  with  the  refl- 
due. — The  analyfis,  therefore,  cannot  be  Ample  ; 
but  fome  change  has  taken  place  in  thefe  proper- 
ties by  the  operation. 
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If  aqua  vitoe  thus  obtained,  be  diflilled  a fuffi- 
cient  number  of  times,  it  will  be  rectified  from  the 
water  and  oil : in  which  flate  it  is  called  fpirit  of 
wine. — An  eafy  method  to  reduce  the  water  is, 
by  mixing  pot-afh,  and  decanting  the  fpirit. 

Spirit  of  wine  is  a clear,  light,  and  volatile  fluid, 
of  a hot  (harp  tafte,  and  an  agreeable  fmell. — 

* When  burnt  it  air,  it  prefents  a flight  flame,  blue 
at  the  edges,  and  white  in  the  middle. — If  it  be 
expofed  to  the  air,  it  evaporates  at  fo  low  a tem- 
perature as  ten  degrees  above  the  freezing  point, 
and  leaves  no  refiduum  except  a little  water. — It 
has  never  been  frozen. 

Spirit  of  wine  very  readily  diffolves  in  water : 
and  the  folution  is  attended  with  heat : the  com- 
bination is  fo  flrong,  that  fpirit  of  wine  precipitates 
from  water  all  the  falts  dilfolved  in  it : and  this, 
in  turn,  feparates  from  fpirit  of  wine  many  fub- 
flances  combined  with  it. 

It  combines  well  with  fixed  alkali,  and  forms 
with  it  acrid  tinclure  of  tartar:  and  if  the  fixed 
alkali  be  cauftic,  by  being  deprived  of  its  fixed 
air,  it  gives  lily  of  Paracclfus  ; both,  medicines  of 
great  ufe  in  fevers,  and  other  complaints,  where 
the  flrength  of  the  patient  is  too  low  to  favour  a 
crifis. 

All  the  acids  combine  with  fpirit  of  wine,  in 
different  degrees : the  three  principal  acids, 
united  with  it,  form  ethers. 
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Vitriolic  ether  is  obtained,  by  pouring  very  con- 
centrated vitriolic  acid,  upon  an  equal  quantity  of 
rectified  fpirit  of  wine. — This  mixture  is  attended 
with  heat  and  an  hiding  noife,  emits  a fragrant 
fmell,  and  becomes  coloured  : and  if  diddled  in  a 
fand  bath,  it  yields  feveral  products,  among  which 
are  fpirit  of  wine,  ether  which  has  a fweet  fmell, 
and  is  extremely  volatile,  and  a fulphureous  acid. 
The  vitriolic  ether  thus  obtained,  is  impure,  being 
mixed  with  fpirit  of  wine  and  fulphureous  acid. — 
It  is  rectified  by  diddling  it  in  a fand  bath,  with 
caudic  fixed  alkali,  which  combines  with  the  acid, 
and  differs  the  ether  to  pafs  over  in  a much  purer 
date. 

Vitriolic  ether  is  much  more  eafily  obtained, 
than  either  the  nitrous,  or  marine  : than  marine, 
becaufe  the  affinity  between  this  acid  and  fpirit  of 
wine  is  very  flight : and  than  nitrous,  becaufe  the 
combination  of  nitrous  acid  and  fpirit  of  wine  is 
fo  extremely  rapid,  that  the  veffels,  in  which  they 
are  mixed,  frequently  burd  by  the  difengaged  air. 
Various  methods  have  been  taken  for  procuring 
nitrous  ether  : among  thefe,  one  difcovered  by 
Dr.  Black,  feems  very  Ample  and  well  contrived — 
he  put  two  ounces  of  drong  nitrous  acid  into  a 
phial : he  then  poured  in  very  flowly  about  an 
equal  quantity  of  water,  which  run  down  the  lides 
of  the  phial  in  gentle  dreams,  till  it  covered  the 
furface  of  the  acid,  on  which  it  fwam  being  lighter. 
In  the  fame  manner,  about  three  ounces  of  re&h 
fied  fpirit  of  wine  was  gently  poured  on  the  fur- 
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face  of  the  water,  on  which  it  fwam  : fo  that  a 
layer  of  water  was  now  interpofed  between  the 
acid  and  fpirit.  By  degrees  the  acid  rifes  by 
attraction  to  the  fpirit,  through  the  water,  and 
mixing  with  it,  forms  very  pure  nitrous  ether, 
without  producing  elaftic  vapours. 

Ether  is  a much  lighter  fluid  than  fpirit  of  wine, 
of  a ftrong  fmell,  and  hot  tafte  ; extremely  vola- 
tile, fo  as  to  be  diflipated  the  inftant  it  is  poured 
out : and  it’s  evaporation  produces  fo  great  a 
degree  of  cold,  as  to  congeal  water.  It  kindles 
with  the  ele&ric  fpark,  or  in  contact  with  any 
body  on  fire  in  the  open  air : it  fends  forth  a very 
bright  luminous  flame,  which  leaves  a mark  upon 
the  furface  of  any  body  expofed  to  it. 

Ether  is  employed  in  medicine,  as  a powerful 
tonic  or  bracer,  and  alfo  in  cafes  of  fpafms  ; but 
ought  to  be  adminiftered  with  great  caution. 

Spirit  of  wine  unites  with  fulphur,  when  both 
fubflances  are  in  a ftate  of  vapour. — It  has  no 
action  upon  metals,  or  their  calces  : it  diflblves  in 
part  fuch  bitumens,  as  are  not  black  and  charry  : 
it  a&s  but  flightly  upon  the  neutral  falts,  but 
rather  more  flrongly  on  thofe  which  poflefs 
vitriolic,  than  thofe  which  contain  nitrous  or  ma- 
rine acids. — Molt  vegetable  fubflances  unite  with 
fpirit  of  wine,  and  in  this  union  the  extracts  lofe 
their  colouring  part,  which  combines  with  the 
fpirit.  But  its  chief  combinations  are  with  oils, 
camphor,  relins,  and  balfams  : with  which  it  forms 

elixirs,  tinflures,  and  other  mixtures. Thefe 
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medicines  are  prepared  by  drying  the  plant,  whofe 
eflential  oil,  or  refin,  is  to  be  dilTolved,  and  then 
expofing  it  to  the  a&ion  of  the  fpirit  of  wine  upon 
a fand  bath,  with  a gentle  heat,  and  by  agitation. 

Spirit  of  wine,  and  aqua  vita?,  are  of  extenfive 
ufe : the  latter  is  ufed  to  fupport  opprefled  fpirits, 
but  is  dangerous  when  taken  to  excefs : the  for- 
mer, befide  its  important  fervice  in  medicine,  is 
alfo  ufeful  in  feveral  arts,  painting,  dyeing,  and 
others. — If  mixed  with  oil  of  fpike  and  turpentine, 
it  compofes  fine  dry  varnilhes. 


CHAP. 


CHAP.  VII. 


Of  acetous  Fermentation , and  of  Vinegar , 


X HE  fecond  kind  of  fermentation  is  the  acetous, 
by  which  vinegar  is  produced,  from  wine,  cyder, 
beer,  and  other  liquors.  This  fermentation  is 
fuppofed  to  be  owing  to  thofe  liquors  attracting 
and  abforbing  vital  air  from  the  atmofphere : 
which  theory  is  confirmed  by  thefe  faCts — firft, 
that  wine  cannot  be  changed  into  vinegar  without 
the  contaCt  of  air  containing  vital  air ; fecondly, 
that  it  is  attended  with  a diminution  in  quantity 
of  fuch  air;  and  thirdly,  if  wine  be  impregnated 
with  this  air,  in  any  other  manner,  vinegar  will 
be  the  refult. 

The  moft  ufual  method  of  making  vinegar  is, 
by  means  of  two  velfels,  each  containing  fome 
refufe  of  grapes,  and  fuch  matters : one  of  thefe 
is  filled  with  wine,  the  other  is  half-filled — in  this 
latter  the  fermentation  firft  begins,  at  which  time 
it  mud  be  checked  by  filling  this  vefiel  out  of  the 
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other.  Soon  after,  the  fermentation  takes  place 
in  this,  at  which  time  it  is  to  be  re-filled  in  turn  : 
and  fo  the  procefs  goes  on  alternately,  for  about 
fifteen  days,  when  the  vinegar  is  made. 

It  may  alfo  be  prepated  from  water,  containing 
raifins  or  fugar,  about  three  pounds  to  the  gallon, 
expofmg  it  for  fome  months  to  a hot  fummer  fun, 
and  occafionally  affording  accefs  of  air. — The 
veil'd  employed  for  this  purpofe  ought  to  be 
flrong  and  iron-hooped,  to  prevent  its  burfting. 

The  moil  proper  matters  for  producing  this  fer- 
mentation are,  in  general,  the  fasces  or  dregs  of 
acid  wines,  efpecially  Rheniih,  the  lees  of  vinegar, 
tartar  pulveriled,  yeaft,  leaven,  and  all  manner  of 
ferments. 

Vinegar  is  purified  by  diftillation. — The  firfl 
portion  which  comes  over  is  a v'atery  fluid,  fcarce 
acid  : next  comes  the  acetous  acid,  commonly 
called  diddled  vinegar  : after  this,  portions  ftili 
more  acid ; and  at  laft  the  refidue,  which  is  of  a 
reddiih  brown  colour,  is  confiderably  acid,  and 
depofites  tartar. 

Vinegar  may  be  concentrated  by  froff,  which 
freezes  the  water  without  affe&ing  the  acid. 

The  acetous  acid  enters  into  various  combina- 
tions.— With  argillaceous  and  calcareous  earths, 
and  with  magnefia,  it  forms  different  falts. — With 
vegetable  alkali,  it  produces  a fait,  fometimes 
called  foliated  earth  of  tartar.  If  two  parts  of 
this  fait  be  diftilled  with  one  of  vitriolic  acid,  the 
acetous  acid  is  foon  difengaged,  and  rifes  in  the 
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eladic  form. — When  condenfed  in  the  receiver, 
this  fluid  is  called  radical  vinegar , whofe  acid  pro- 
perties are  much  ftronger  than  thofe  of  the  com- 
mon acetous  acid. — With  mineral  alkali  it  forms 
a fait  nearly  of  the  fame  nature,  but  affording  a 
(till  ftronger  acid. — With  volatile  alkali  vinegar 
gives  a fait  called  fpirit  of  minder erus , which  does 
not  eafily  cryftallize,  but  requires  to  be  evaporated 
to  the  confidence  of  a fyrup,  and  then  expofed  to 
the  cold — it  has  a ftiarp  and  burning  tafte  j and 
is  ufed  as  a medicine  in  fevers. 

The  acetous  acid  has  little  or  no  effeCt  upon 
gold,  filver,  or  mercury,  in  their  metallic  date, 
though  it  a&s  fenfibly  upon  their  calces. — It  com- 
bines eafily  with  lead  ; as  appears  from  the  manu- 
facture of  cerufe  and  fugar  of  lead  already  men- 
tioned.— It  diffolves  copper,  if  atmofpheric  air  be 
prefent : the  cryftals  of  this  lad  fait  are  fometimes 
called  didilled  verdigrife. — Iron  and  tin  are  like- 
wife  diffolved  by  it. — Common  vinegar,  and  iron 
filings,  have  but  a flight  aCtion  on  each  other, 
unlefs  they  ftand  for  fome  time : during  which, 
probably  the  action  of  the  air  may  aflifl  their 
combination,  and  the  wrater  of  the  vinegar  may  be 
decompofcd. 

The  acetous  acid  likewife  aCts  upon  the  femi- 
metals  in  different  ways ; on  fome,  in  both  the 
metallic  and  calcined  dates ; on  others,  only  in  the 
latter — but  what  is  mod  important  to  be  known 
upon  this  fubjeCt  is,  that  zinc  is  foluble  in  both 
dates ; and  is,  therefore,  very  unfit  to  make  part 
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of  any  compofition  for  defending  copper  veffels 
from  vinegar. 

The  third  kind  of  fermentation,  called  putrid 
fermentation,  though  it  takes  place  in  vegetables 
containing  their  juices,  and  expofed  to  a moilt  air, 
yet  as  it  exhibits  a more  ftriking  appearance  in  the 
animal  kingdom,  fhull  be  treated  under  that  head. 


CHAP. 


SECT.  V. 


Of  Animal  Subjlances. 


CHAP.  I. 


Of  Animal  Subjlances  derived  from  Natural 

Secretion. 


Milk  is  a fluid  of  a whitifh  colour,  and  of  a 
mild,  foft,  and  pleafant  tafte : it  is  fecreted  in 
peculiar  veffels  of  certain  female  animals  for  the 
fupport  and  nourifliment  of  their  young.  When 
viewed  with  a microfcopc,  it  has  the  appearance 
of  fmall  opake  globules,  like  thofe  of  blood, 
floating  in  a tranfparent  fluid. 

By  deftru&ive  diflillation,  which  may  be 
done  by  expofure  to  the  heat  of  a reverbera- 
tory furnace,  milk  affords  an  acid,  oils,  and  vo- 
latile alkali.  Its  refidue  contains  vegetable  alkali, 
the  fame  alkali  all'o  united  with  the  marine  acid, 
and  a phofphoric  fait  with  bafe  of  lime. 

' Milk 
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Milk  is  capable  of  palling  through  the  three 
flages  of  fermentation : and  although  the  vinous 
continues  but  a fhort  time,  yet  that  it  undergoes 
this,  is  evident  from  a kind  of  wine,  called  Kou- 
tnifs , made  from  mare’s  milk  by  the  Tartars.  If 
milk  be  differed  to  hand  for  fomc  time,  it  forms 
itfelf  into  two  fubdances,  one  of  which  the  thicker 
and  lighter,  floats  upon  the  fuface  of  the  other, 
and  is  called  Cream.  It  is  mod:  fpeedily  fepara- 
ted,  when  mod  expofed  to  air,  whofe  vital  part 
it  abforbs.  By  agitation  in  the  churn  it  affords 
butter : when  frefli,  it  requires  a longer  time  to 
compleat  this  procefs,  than  when  long  expoled 
to  air.  It  is  thought  by  fome  that  butter  is 
formed  by  mere  mechanical  means,  the  fatter 
particles  being  brought  into  conta<d  with  each 
other  by  the  agitation,  and  adhering  together  fo 
as  to  make  up  the  folid  mafs.  By  others  the  pro- 
cefs is  luppofed  to  be  chemical,  and  the  vital  part 
of  air  to  have  a confiderable  diare  in  it.  Butter 
feems  to  refemble  fat  oils  it  its  properties : and 
■when  decompofed  yields  limilar  produ&s. 

The  thinner  duid,  into  which  milk  refolves 
itfelf,  becomes  four  and  is  feparated  into  two 
parts  ; a folid  fubdance  called  curd , and  a fluid 
whey : this  lad  contains  the  acid  of  milk.  A 
fimilar  change  takes  place  by  the  addition  of 
acids  to  milk,  efpecially  if  adided  by  heat : as 
alfo  by  fugar  and  gum  arabic.  But  the  mod  re- 
markable and  ufeful  of  all  coagulations  of  milk  is 
produced  by  the  addition  of  rennet , which  is  the 
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infufion  of  a young  calf’s  ftomach  in  water.  It 
is  by  means  of  this  that  cheefe  is  manufactured, 
which  is  done  as  follows.  As  foon  as  the  milk 
is  turned,  the  whey  is  carefully  (trained  from  the 
curd.  The  curd  is  then  broken  fmall,  and  put 
by  little  and  little  into  the  vat,  or  mould  for 
making  the  cheefe  pierced  with  holes  in  the  bot- 
tom to  let  the  whey  pafs  freely  off.  A clean 
cloth  is  placed  within,  fo  large  as  to  cover  all  the 
curd,  and  the  vat  is  filled  an  inch  or  more  above 
the  brim  : the  cloth  is  then  drawn  over  the  curd, 
which  is  taken  to  the  prefs,  and  remains  for  the 
fpace  of  two  hours : afterwards  it  is  turned,  a 
frefh  cloth  applied,  and  preffed  again  for  fix  or 
eight  hours.  This  operation  is  again  repeated, 
and  the  third  preifing  continues  fourteen  or  fif- 
teen hours.  It  is  then  placed  on  a dry  board, 
and  regularly  turned  every  day. 

Cheefe,  when  decompofed  by  deftru&ive  diftil- 
lation,  affords  an  alkaline  phlegm,  an  oil,  and 
volatile  alkali.  Its  refidue  treated  with  nitrous 
acid  is  found  to  contain  lime  and  phofphoric 
acid. 

Cheefe  is  not  foluble  in  water,  but  is  harden- 
ed if  the  water  be  hot.  By  this  property  it  is 
capable,  when  mixed  with  lime,  of  making  an 
excellent  cement  for  wood,  done,  earthen  ware, 
and  glafs.  The  cheefe  is  fhaved  thin,  and  ftirred 
with  boiling  water  feveral  times : the  flime  which 
is  thus  formed  is  mixed  upon  a hot  ftone  with 
quick  - lime  into  the  confidence  of  a pafte. 
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Acid  of  Milk  is  obtained  by  evaporating  four 
whey,  till  only  one  eighth  part  of  it  remains,  by 
adding  lime  water  which  precipitates  the  animal 
earth ; diluting  the  remaining  fluid  with  three 
times  its  quantity  of  water  ; and  adding  the  acid 
of  fugar  to  purify  it  from  any  redundant  lime. 
This  purified  liquor  is  then  evaporated  to  the 
confidence  of  honey,  and  ardent  fpirit  added, 
which  takes  up  the  acid  of  milk,  leaving  behind 
all  the  foreign  lubftances.  Laflly  this  folution  of 
the  acid  in  the  ardent  fpirit  is  diluted  with  water, 
and  the  fpirit  feparated  by  diftillation : the  acid 
remaining  in  the  retort. 

If  this  acid  be  decompofed  by  deftru&ive  difl il- 
lation, it  affords  water  firft,  then  a wreak  acid, 
next  an  oil  with  more  of  the  fame  acid  : fixed  air, 
and  heavy  inflammable  air. 

The  acid  of  milk  cannot  of  itfelf  be  converted 
into  vinegar,  from  the  want  of  fuch  fubflances 
as  during  fermentation  produce  fpirits ; that  this 
is  the  true  caufe  appears  from  hence,  that  if  to  a 
veflel  of  milk  be  added  a very  fmall  portion  of 
brandy,  occafionally  allowing  vent  to  the  air, 
the  whey,  in  the  courfe  of  a month  becomes  good 
vinegar. 

This  acid  combines  with  all  the  alkalies,  and 
earths,  forming  with  them  different  falts.  It 
difl'olves  iron,  zinc,  copper  and  lead  : but  has  no 
effect  upon  gold,  filvtr,  tin,  mercury,  bifmuth, 
cobalt,  antimony. 
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Sugar  of  Milk  is  that  fubdance,  upon  which 
its  fermenting  property  depends.  It  is  obtained 
by  evaporation  of  the  whey  to  the  confidence  of 
honey,  then  run  into  moulds,  and  dried  in  the  fun j 
and  is  ufed  in  the  preparation  of  medicines.  It 
yields  the  fame  kind  of  products  which  other  fu- 
gars  do.  The  fugar  of  milk  contains  an  acid 
which  may  be  had  by  diddling  its  fine  powder  in  a 
fand  bath  with  about  three  times,  its  weight  of  di- 
luted nitrous  acid.  The  mixture  foon  grows  hot 
and  difengages  nitrous  air,  and  aerial  acid.  The 
retort  is  then  taken  off,  and  the  mixture  differ- 
ed to  cool,  after  which  the  remainder  of  the  ni- 
trous acid  was  diddled  od*  till  the  mafs  acquired  a 
yellowidi  colour.  More  nitrous  acid  (about  two 
thirds  of  the  former  quantity)  was  added,  and 
the  mixture  again  diddled.  When  cool,  it  wras 
found  to  be  thick,  and  being  diffolved  in  water 
was  filtred.  The  folution  which  paffed  through 
the  filter  was  evaporated  t6  the  confidence  of  a 
fyrup,  a little  more  nitrous  acid  added,  and  the 
evaporation  repeated  in  a fand  heat.  When  the 
whole  was  cool,  acid  crydals  were  formed. 
This  acid  unites  with  the  foluble  earths  forming 
infoluble  falts ; with  the  fixed  alkalies  it  forms 
neutral  falts ; and  with  the  volatile,  a fait,  which 
has  a four  fade.  It  has  no  fenlible  effeft  upon 
the  metals,  but  a&s  upon  their  calces. 

Eggs  contain  twofubdances,  the  white  and  the 
yolk.  The  white  is  a colourlefs  liquid,  which 
does  not  feem  to  differ  much  in  its  properties  from 
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milk  or  cheefe.  It  coagulates  with  heat,  acids, 
and  fpirit  of  wine,  into  a white  folid  mafs,  having 
the  fame  weight  and  bulk  which  it  had  in  the 
fluid  flate.  Yet  its  appearance  and  properties 
are  changed  ; and  it  is  not  foluble  in  water  as 
before.  If  the  liquid  white  of  eggs  be  diluted 
to  a certain  degree  with  water,  it  will  no  longer 
coagulate  with  heat,  and  if  further  diluted,  not 
even  with  acids  or  fpirit  of  wine.  But  if  con- 
centrated again  by  evaporation,  it  coagulates  as 
before  it  was  diluted.  The  coagulated  white  is 
diflolved  by  mineral  acids,  confiderably  diluted 
with  water  : and  if  a concentrated  acid  be  added, 
it  is  again  precipitated.  Pure  alkalies  and  lime 
water  alfo  diflblve  it. 

The  yolk  of  eggs  is  a yellow  oily  matter,  which 
is  capable  of  being  diffufed  in  water.  The  oil, 
which  it  contains,  may  be  feparated  by  drying 
and  afterwards  prefling  it. 

Honey  and  wax  are  fubflances  prepared  by 
the  bee,  and  for  this  reafon  are  ranged  among 
the  animal  fubflances ; although  they  may  be 
vegetable  matters  collected  from  plants,  and 
brought  home  in  veflels  appointed  for  the  pur- 
pofe,  the  former  being  contained  in  a bag  within 
the  body,  the  latter  in  cavities  on  the  thighs  of 
the  bee.  Honey  is  of  a yellowifli  white  colour, 
foft,  fweet,  and  aromatic ; and  yields  by  means 
of  fpirit  of  wine,  or  even  water  with  proper  ma- 
nagemement,  a true  fugar.  It  is  foluble  in  wa- 
ter, and  goes  through  all  the  different  kinds 
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of  fermentation.  By  diflillation  it  affords  an  acid 
phlegm,  and  an  oil : its  refidue  being  a light 
ipongy  coal. 

Wax  is  a fubflance,  which  refembles  the  more 
folid  fixed  oils.  Bee’s  wax  is  of  a yellow  colour, 
and  becomes  white  by  expofure  to  air.  But  as 
this  power  of  the  air  does  not  reach  beyond  the 
furface  various  methods  are  employed  to  expofe 
different  furfaces.  One  of  the  belt  feems  to  be 
to  pour  the  wax  in  a melting  flate  upon  a cylinder 
lying  horizontally,  and  half  immerfed  in  water, 
and  by  turning  this  round  its  axis.  By  thefe 
means  thin  layers  of  wax  are  made  one  over  the 
other,  which  may  be  eafily  feparated,  and  ex- 
pofed  to  the  air.  It  is  by  the  vital  part  of  air 
that  wax  is  whitened,  as  is  manifeft  from  the  pow- 
erful effeft  produced  in  bleaching  it  by  dephlo- 
sifticated  marine  acid,  which  abounds  in  this. 
Candles  are  made  of  wax,  and  have  this  advan- 
tage among  others  over  thofe  made  of  tallow, 
rhat  a much  thinner  wick  anfwers  the  purpofe 
in  the  former  than  in  the  latter.  The  reafon  is, 
that  wax  is  not  fufible  by  heat  as  tallow ; and 
unlefs  there  be  a wick  of  conliderable  fize  to  vo- 
latilize the  tallow  in  fufion,  it  runs  over,  and 
down  the  fides  of  the  candle.  The  incoveniences 
of  a thick  wick  arc  not  only,  that  it  prevents  the 
accefs  of  air  to  the  middle  of  the  flame,  but  alfo 
is  a fupport  to  the  wick  as  it  lengthens,  and  ren- 
ders conftant  fnuffing  neceflary ; whereas  the 
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thin  wick  of  the  wax  candle  foon  bends  out  of  the 
flame  and  is  reduced  to  allies. 

Lac , called  Hick-lac,  fliell-lac,  and  feed-lac, 
is  the  product  of  an  infeCt  which  lays  its  eggs  on 
the  branches  of  a tree  called  bihar  in  the  eall : it 
feems  deiigned  to  anfwer  the  purpofes  of  defend- 
ing the  eggs,  and  feeding  the  infeCt.  It  is  puri- 
fied by  being  broken  into  fmall  pieces,  and  held 
over  the  fire  in  a canvafs  bag,  till  the  lac  is  liquid 
enough  to  pafs  through  : when  it  is  taken  off  the 
fire,  twilled  in  different  directions,  and  drawn 
along  the  convex  part  of  a plantain  tree. 

Lac  makes  a hard  varnilh,  by  being  combined 
with  ardent  fpirit,  and  digelled  in  a moderate 
heat.  The  chief  ufes  of  it  are  however  in  dyeing 
and  in  the  manufacture  of  fealing  wax  ; which  is 
a compofition  of  gum  lac  with  relin  and  vermilion 
made  into  a powder,  melted,  and  formed  into 
(ticks.  In  dyeing  we  have  already  feen  its  ufe. 

Urine  is  one  of  thofe  fubllances,  which  arc 
rejected  out  of  the  bodies  of  animals,  as  ufelefs. 
We  have  already  feen,  that  phofphorus  is  ex- 
tracted from  it ; and  that  the  acid,  which  it  con- 
tains, is  the  phofphoric,  is  evident  from  pouring 
lime  water  into  it,  for  a powder  precipitates 
which  is  a combination  of  this  acid  with  lime. 

The  brick  coloured  precipitate  let  fall  upon  the 
cooling  of  frelli  urine  is  found  to  be  an  acid  called 
the  uric  acid.  This  is  very  various  according  to 
the  dilferent  Hates  of  health.  In  fevers  of  the 
intermitting  kind  it  is  copious,  and  makes  its  ap- 
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pearance  at  the  crifis.  In  gouty  habits  it  appears 
in  abundance  towards  the  end  of  a fit.  And  if 
it  fuddenly  difappears,  a frefh  attack  may  be  ex- 
pected. Urine  contains  alfo  a kind  of  jelly, 
which,  though  final  1 in  healthy  cafes,  yet  in 
others  efpecially  dropfical  is  very  confiderable, 
fo  that  the  urine  coagulates  with  acids  or  even 
heat.  It  alfo  is  found  to  contain  feveral  other 
matters,  as  marine  acid  in  combination  with  mi- 

7 V 

tieral  and  volatile  alkalies,  &c.  &c.  The  urinary 
calculus,  commonly  called  the  ft  one  in  the  blad- 
der has  been  examined  with  all  the  attention  due 
to  fo  dreadful  a caufe  of  difeafe.  It  is  found  to 
be  different  in  fubftance  in  different  cafes.  The 
greateft  number  confift  chiefly  of  the  uric  acid 
abovementioned.  Thefe  may  be  diffolved,  by 
injecting  into  the  bladder  folutions  of  alkalies, 
not  fo  ftrong  as  to  hurt  the  bladder.  The  gritty 
fubftance  called  gravel  indicates  the  calculus  to  be 
of  this  kind.  Others  confift  of  phofphoric  acid 
united  to  lime,  and  alfo  to  magnefia  and  volatile 
alkali.  In  thefe  cafes  relief  may  be  obtained  by 
injecting  marine  acid  fo  weak  as  hardly  to  have 
an  acid  tafte. 

Ambergris  is  generally  fuppofed  to  be  a fub- 
ftance voided  by  the  fpermaceti  whale.  It  is 
found  iu  the  fea,  near  the  fhores  of  various 
tropical  countries ; and  is  of  various  colours. 
A flight  warmth  foftens  it  like  pitch : it  has  a 
fragrant  fmell  when  heated  ; and  melts  like  refin. 
Oils  diffolve  it,  and  fo  do  ardent  fpirits.  It  does 
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not  feem  to  be  perfe&Iy  afcertained  whether 
there  may  not  be  alfo  a vegetable  fubftance  re- 
fembling  this  in  properties. 

Ambergris  was  formerly  ufed  as  a medicine, 
and  is  Hill  applied  to  this  purpofe  in  the  eaft, 
but  in  thefe  countries  it  is  chiefly  employed  in 
perfumery. 


u 2 


CHAP. 


CHAP.  II. 


Of  Animal  Subjlances  contained  within  the  Syjlem . 


UF  the  fubflances  contained  within  the  fyftem, 
one  of  the  moft  obvious  and  important  to  be  no- 
ticed is,  the  blood,  which  keeps  conftantly  circu- 
lating, and  which  ceafing  to  flow,  life  foon  ceafes 
likewife. 

The  blood,  when  quite  frefli  from  the  veins  or 
arteries,  appears  to  the  naked  eye  of  an  uniform 
red  colour  : but  if  viewed  with  a microfcope, 
exhibits  a great  number  of  red  globules  fwimming 
in  a tranfparent  fluid,  to  which  the  red  colour  of 
the  blood  is  owing. — When  blood  remains  for 
fomc  time  at  refl,  it  coagulates  into  a folid  tnafs ; 
and  this  gradually  feparates  into  two  different 
matters,  one  of  which  is  fluid,  called  the  ferum  ; 
the  other  a thick  red  matter,  called  the  craffamen - 
turn , or  the  cruor:  this  laft  generally  finks  down, 
and  is  covered  by  the  ferum. — If  the  craflamentum 
be  vvaflied  with  wrater  in  fuffleient  quantity,  it 
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kffes  its  red  colour,  and  is  changed  into  a white 
fubflance,  which  has  a fibrous  appearance  : and 
if  the  blood  be  received  from  the  vein  in  warm 
water,  it  depofites  the  fame  kind  of  matter. 

Difeafed  appears  different  from  healthy  blood : 
for  inflance,  in  cafes  of  inflammation,  the  red 
globules  fink  to  the  bottom,  and  the  fibrous  mat- 
ter appears  at  the  top,  of  its  natural  whitifh 
colour : and  hence  the  appearance  of  that  buffy 
coat,  which  characterizes  blood  during  inflamma- 
tion. This  is  owing  to  the  blood  not  coagulating 
fo  foon  as  in  health,  and  time  being  thus  given 
for  the  red  globules  to  fubfide. 

Acids  promote  the  coagulation  of  blood,  and 
form  with  part  of  it  a neutral  fait,  fimilar  to  that 
formed  by  the  union  of  their  acids  with  mineral 
alkali ; whence  it  is  plain  that  blood  contains  this 
alkali. — Ardent  fpirit  alfo  coagulates  it,  but  alka- 
lies do  not. — By  definitive  diflillation  blood  yields 
a watery  liquor  holding  a neutral  fait  in  folution, 
next  a light  oil,  a denfer  oil,  and  volatile  alkali — 
the  refidue  is  a coal  containing  common  fait, 
mineral  alkali,  and  an  earth. 

The  ferum  is  of  a light  green  colour,  and  con- 
tains an  alkali  : for  it  changes  fyrup  of  violets  to 
a green — it  refembles  in  many  refpecls  the  white 
of  eggs : like  that  it  coagulates  with  heat,  and 
alfo  with  acids  and  ardent  fpirits : — by  diflillation 
it  yields  phlegm,  mild  volatile  alkali,  and  a thick 
oil : , the  refidue  affords  mild  mineral  alkali. 
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The  craffamentum  by  diflillation  becomes  dry 
and  brittle,  and  emits  an  alkaline  phlegm,  then 
an  oil,  and  concrete  volatile  alkali : the  refiduc  is 
found  to  contain  mineral  alkali  and  iron. 

The  proportion  of  ferum  to  cralfamentum  is  not 
the  fame  in  all  cafes : the  moll  general  proportion 
is  thought  to  be  about  three  to  one. 

If  frefli  blood  be  flirred  round  brifkly  with  a 
flick,  the  fibrous  matter  is  feparated,  and  adheres 
to  the  flick,  while  the  red  globules  remain  behind, 
and  mix  with  the  feum. — It  is  in  this  manner  that 
blood  is  prepared  for  clarifying  fugar,  &c.  &c. 

The  foft  and  flexible  parts  of  animals,  called 
cartilages,  tendons,  ligaments,  and  membranes, 
differ  greatly  from  the  mufcular  parts : and  when 
boiled  in  water,  yield  the  fubftance  known  by  the 
names  of  glue  or  jelly. — It  is  foluble  in  water, 
either  hot  or  cold,  and  is  diffolved  by  alkalis  and 
acids. — By  definitive  difiillation  it  affords  the 
fame  produts  as  the  ferum  of  blood : the  refidue 
is  common  fait,  with  the  phofphoric  fait  of  lime. 

It  is  generally  from  the  fkin  of  animals,  that 
glue  is  obtained  : and  by  means  of  this  fubflance 
many  of  thofe  ikins  form  leather. — Tan,  which  is 
an  infufion  of  oak-bark  in  water,  and  may  be 
made  with  nut-galls,  or  other  aflringent  vegetables, 
is  found,  when  precipitated  from  its  folution,  and 
mixed  with  this  gluey  matter,  to  compofe  a fub- 
flance agreeing  in  ail  its  properties  with  leather. 
Whence  it  is  evident,  that  the  procefs  of  tanning 
is  nothing  elfe  than  the  combination  of  the  extra£l 
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of  Oak-bark  with  the  gluey  matter  of  the  fkin, 
now  called  gelatine.  Upon  the  difcovery  ol  this 
is  founded  a new  and  fliorter  method  of  tanning, 
than  had  been  pra&ifed  before. 

The  mufcular  parts  of  animals  are  known  by 
the  name  of  JleJh  : and  are  compofed  of  fibres  or 
threads. — Flefh  cannot  be  analyzed  eafily,  becaufe 
other  fubftances,  as  the  fat  and  blood,  adhere  to 
it.  If  it  be  well  waflied  in  water,  fome  blood, 
gelatinous,  and  faline  matters  are  extracted  by  the 
water : the  refidue,  being  digefted  in  ardent  fpi- 
rit,  yields  a foapy  fubftance,  and  the  remaining 
gelatinous  matter,  with  the  fat,  may  be  obtained 
by  boiling  water.  The  water,  in  which  the  fielh 
was  waflied,  being  evaporated  ilowly,  coagulates 
into  a fubftance  called  albumen,  of  the  fame 
nature  with  ferum. 

The  fat  of  animals  has  the  fame  properties  with 
the  fixed  oils  : and  feems  to  be  compofed  of  thefe 
united  to  an  acid.  This  acid  may  be  obtained  by 
diftilling  fat : an  aqueous  phlegm  is  obtained,  and 
afterwards  an  acid  ; next  an  oil ; and  laftly  a very- 
finall  quantity  of  charcoal. 

Spermaceti  is  a whitifli,  unttuous,  fleftiy  fub- 
ftance, found  in  the  head  of  a fpecies  of  whale. — 
It  is  prepared  from  the  brains  by  prefling  and 
draining  them,  and  afterwards  fteeping  them  in  a 
ley  of  alkaline  fait  and  quick  lime — the  brains  are 
then  waflied,  cut  into  flices  with  wooden  knives, 
and  dried. — One  whale  affords  fome  tons. — Good 
fpermaceti  is  in  fine  white  flakes,  gloffy,  and  lemi- 
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tranfparent. — It  grows  yellow  and  rancid  by  expo- 
lure  to  air,  but  may  be  again  recovered  by  fteep- 
ing  it  in  cauflic  alkali,  and  wafhing  it  in  water. 

Spermaceti  is  employed  to  make  candles,  and  is 
much  better  than  tallow,  being  lefs  fufible  and 
greafy. — It  is  alfo  of  ufe  in  medicine  ; being  con- 
fidered  an  excellent  remedy  for  afthma. — It  unites 
with  oils,  wax,  and  refins,  and  in  thefe  forms  is 
applied  externally. — It  alfo  poffeffes  the  property 
•of  foftening  the  ikin,  and  is  for  that  purpofe  fre- 
quently made  into  pafte.  A fubflance  fimilar  to 
fpermaceti  has  been  obtained,  by  pouring  nitrous 
acid  upon  the  flefh  of  animals : at  the  end  of  fome 
days,  after  leparating  the  acid,  the  fubflance 
appears. 

The  bones  of  animals  are  hard  and  folid  fub- 
ftances,  to  which  the  firmnefs,  fhape,  and  flrength 
of  their  bodies  are  owing.  When  bones  are 
rafped  and  boiled  in  water,  they  afford  gelatine : 
if  kept  for  fome  time  in  acetous  acid,  or  marine 
acid  diluted,  they  become  foft,  and  acquire  the 
properties  of  cartilage  : and  if  volatile  alkali  be 
poured  into  the  acid,  a white  powder  precipitates, 
which  is  found  to  be  phofphoric  acid  in  combina- 
tion with  lime. — This  is  the  fame  powder  with 
that  which  remains  after  the  burning  of  bones  by 
means  of  their  oil.  If  it  be  fufed  with  mild  fixed 
alkali,  a double  ele&ive  attra&ion  takes  place,  the 
alkali  uniting  with  the  phofphoric  acid,  while  the 
lime  unites  with  the  alkaline  fixed  air,  and  forms 
plialk.  Acids  would  alfo  decompofe  the  powder, 
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by  their  ftrong  attra&ion  to  lime.  By  diftillatiou 
bones  yield  an  alkaline  phlegm,  oil,  and  much 
volatile  alkali. 

The  crujls  and  J, hells  of  fillies,  and  other  animals, 
confift  in  a great  meafure  of  the  fame  ingredients 
which  compofe  bones. — It  is,  probably,  from  the 
quantity  of  lime  contained  in  all  thefe  fubflances, 
that  they  are  fo  good  manures ; at  leaf!  this  mull 
have  confiderable  lhare  in  it. 

The  bile  is  a fluid  of  a yellowilh  green  colour, 
a bitter  tafle,  and  a naufeous  fmell. — It  is  fepa- 
rated  from  the  blood  by  the  liver,  and  is  ufually 
colle&ed  in  the  gall  bladder.  When  agitated  it 
lathers  like  foap,  and  is  employed  like  that  in 
fcouring  cloths. — It  is  diflolved  by  water,  but  does 
not  unite  with  oils. — All  the  acids  decompofe  it, 
and  form  coagulums,  which  contain  mineral  alkali : 
they  are  alfo  found  to  contain  a fmall  quantity  of 
ferous  matter.  By  deftru&ive  diflillation  the  bile 
affords  a watery  fluid,  a yellow  alkaline  phlegm, 
an  oil,  and  much  volatile  alkali ; together  with 
inflammable  and  fixed  air.  The  refidue  contains 
mineral  alkali,  an  earth,  and  a little  iron. 

The  biliary  calculus , or  gall-ftone,  is  a concrete 
fubftance  depofited  in  the  gall-bladder. — It  is  of 
different  kinds,  both  as  to  colour  and  properties. 
The  calculus  of  a grey  colour,  being  diffolved  in 
ardent  fpirit,  yields  cryflals  refembling  fait  of 
borax  : and  thefe  being  examined,  were  found  to 
be  inflammable,  and  to  have  a flrong  refemblance 
to  fpermaceti. — Cryflallized  gall-flones,  another 
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fpecies,  contain  the  fame  kind  of  matter,  in  greater 
abundance : and  it  was  found  by  M.  Fourcroy  in 
a dried  human  liver. 

The  gqftric  juke  is  that  fluid  urhich  feems  to 
be  the  menflruum  of  folution  or  digeftion  of  food, 
in  the  ftomachs  of  animals : where  it  is  converted 
into  a foft  pap,  called  chyme.  That  digeftion  is 
owing  to  the  a&ion  of  a liquid  is  clear  from  hence  ; 
that  if  food  be  contained  within  clofed  tubes,  and 
paffed  through  the  body,  it  fuflfers  no  change  ex- 
cept what  is  occafioned  by  the  change  of  tempe- 
rature : whereas  if  thefe  tubes  be  perforated,  the 
fluid  is  converted  into  chyme. — The  gaftric  juice 
is  fo  various  in  different  animals,  and  fo  difficult 
to  be  obtained  for  experiments  in  any,  that  little 
fatisfa&ory  is  known  on  the  fubjed. — It  is  only 
known  that  the  ftomach  contains  two  fubftances, 
a juice  containing  uncombined  phofphoric  acid ; 
and  a juice  which  has  the  property  of  coagulating 
milk  and  the  ferum  of  blood. 

The  chyle  is  a liquid  refembling  milk,  into 
which  the  chyme  is  changed,  when  it  paffes  from 
the  ftomach  into  the  inteftines. — It  contains  a 
ferum,  globules  refembling  cream,  and  different 
falts : probably  fome  iron  alfo. — It  is  abforbed  by 
the  fmall  veffels  called  la&eals ; and  is  generally 
fuppofed  to  be  feparated  from  the  excrementitious 
matter,  by  means  of  the  bile,  which  combines  with 
this  latter,  and  thus  facilitates  their  feparation. 


CHAP. 


CHAP.  III. 


Of  putrid  Fermentation . 


ruT  RID  fermentation  is  that  natural  procefs, 
by  which  vegetable  and  animal  fubftances  are 
dilfolved  and  reduced  into  their  fimple  original 
elements. — Thofe  bodies  are  inofl:  liable  to  putre- 
faction, which  polfefs  their  juices  : vegetables  and 
animals,  perfectly  freed  from  thefe  by  being  dried, 
may  be  preferved  in  a found  hate,  for  a very  con- 
fiderable  time,  even  without  the  help  of  antifep- 
tics,  or  fubftances  to  defend  them  from  corruption. 
The  produCt  of  putrid  fermentation  is,  for  the 
mod  part,  volatile  alkali. 

To  carry  on  this  procefs  completely,  there  are 
three  things  required ; heat,  moifture,  and  con- 
fined air.  Extreme  cold  and  drynefs  prevent 
putrefaction ; and  a free  circulation  of  air  carries 
off  the  putrid  effluvia.  It  feems,  alfo,  as  if  fome 
putrifying  bodies  received  fome  elaftic  principle 
from  the  air,  which  makes  them  fvvell  and  become 
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lighter,  To  as  to  fwim  on  the  top  of  fluids  in  which 
they  had  been  funk.  But  although  the  accefs  of 
air  be  neceffary  to  carry  on  this  natural  procefs, 
(as  appears  from  bodies  not.  putrefying  in  vacuo) 
yet  it  mud  only  be  in  a very  moderate  quantity : 
for  any  thing  like  a dream  of  air  would  rather 
tend  to  preferve  than  to  corrupt. — It  is  perhaps 
owing  to  this,  that  living  bodies  do  not  putrefy ; 
becaufe  by  means  of  refpiration,  a current  of  air 
is  condantly  pading  into  the  body,  the  eladic 
principle  is  received  into  the  blood,  quickens  the 
circulation,  invigorates  the  powers  of  life,  and 
afTids  the  perfpiration  of  noxious  matters. — If  the 
eladic  air,  by  which  putrid  bodies  fwell,  be  carried 
off  more  rapidly  than  it  can  be  fupplied  by  the 
heat  of  the  atmofphere,  a principle  of  cold  and 
condenfation  will  take  place,  and  the  putrefa&ion 
will  be  checked — for  it  is  a well  known  fa<d,  that 
evaporation  produces  cold,  and  that  nothing  con- 
tributes more  to  evaporation  than  a drong  current 
of  air. 

Putrefa&ion  may  be  prevented  by  the  addition 
of  certain  fubdances,  which  harden  the  texture 
of  the  body  to  be  preferved,  and  fo  prevent  the 
admidion  of  the  eladic  principle  ; or  by  diffolving 
the  texture  entirely,  reduce  it  to  the  dime  date 
with  the  procefs  of  putrefa&ion.  Thus  falts,  acids, 
and  ardent  fpirits,  defend  bodies  by  hardening 
their  texture  ; oils  and  gums,  by  excluding  all 
accefs  of  air — as  in  preparing  mummies  ; and 
alkalies  and  quicklime  by  diffolving  the  bodies* 
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Sugar  is  alfo  a good  antifeptic  : provided  thofe  be 
mucilage  in  the  body  employed ; which  Teems  to  be 
owing  to  its  tendency  to  the  vinous  fermentation, 
a procefs  quite  inconfiftent  with  putrefa&ion.  It 
is  remarkable,  that  fmall  quantities  of  fea-falt  pro- 
mote putrefa&ion.  Certain  airs  poflefs  the  fame 
qualities ; as  fixed  air  and  nitrous  gas.  If  vege- 
table and  animal  fubftances  be  mixed  together,  it 
is  found  that  the  animal  fubftances  excite  the  fer- 
mentation of  vegetable  fubftances,  and  that  the 
latter  correct  the  putrefcency  of  the  former : — and 
that  the  putrefa&ion  and  fermentation  of  thofe 
mixtures  are  retarded  by  the  addition  of  Peruvian 
Bark,  and  other  vegetable  aftringents. 
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CHAP.  I. 


Of  Simple  Bodies . 


In  the  foregoing  work  the  arrangement  of  the 
different  fubjefts  was  laid  down,  not  fo  much 
with  a view  to  any  drift  rules  of  method,  as  to 
what  was  conceived  the  mod  eafy  and  natural  pro- 
grefs  of  the  mind,  fetting  out  in  its  enquiries 
with  familiar  objefts  and  gradually  advancing  to 
thofe  mod  remote  from  common  apprehenfion. 
But  the  dudent,  having  by  this  time  acquired 
fome  general  knowledge  of  chemical  fubjefts,  may 
now  proceed  to  an  examination  of  them,  begin- 
ning with  the  mod  fimple  fubdances,  and  tracing 
thefe  through  their  various  combinations.  This 
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method,  which  is  called  fynthetical,  is  the  ufual 
and  moll  fatisfa&ory  mode  of  teaching  any  fei- 
ence,  and  is  always  adopted,  wherever  firfl  prin- 
ciples can  be  clearly  ellablilhed.  In  natural  phi- 
lofophy,  and  of  courfe  in  chemiflry  which  is  a 
branch  of  it,  this  can  only  be  done  by  fair  and 
cautious  experiments,  and  often  by  a nice  and 
curious  analyfis : which  is  the  reafon,  why  the 
knowledge  of  limple  fubftances  is  frequently  mod 
difficult,  and  therefore  unfit  to  fet  out  with  in  a 
familiar  treatife  like  the  prefen t.  Wherever  fuch 
analyfis  difeovers  two  or  more  ingredients  of  dif- 
ferent kinds  in  the  fame  fubjefl,  this  is  evident- 
ly to  be  looked  upon  as  compounded  : wherever 
no  heterogeneous  parts  can  be  difeovered,  the 
fubflance  is  fo  far  held  to  be  fimple.  In  this  ref- 
pc£t  then  bodies  may  be  confidered  as  divided 
into  two  claffes,  1 ft.  Simple;  2nd,  Compound. 

Simple  bodies  are  fubftances,  which  have  ne- 
ver yet  by  any  analyfis  been  decompofed.  They 
are  divided  by  modern  chemifts  into  fix  claffes  as 
follow:  lfl,  Caloric.  2nd,  Light.  3rd,  Oxygen , 4th, 
Simple  combujiible  fubjlanccs.  5th,  Metals.  6th, 
Earths.  Moil  of  thefe  have  been  already  difeuffed 
more  or  lefs  in  the  foregoing  work,  though  fome 
of  them  under  different  names.  Our  prefent  bu- 
linefs  is  to  confider  them  chiefly  in  this  new  point 
of  view,  as  principles  of  compounded  bodies,  un- 
til fome  future  analyfis  lliall  prove  their  own  com- 
polition. 


1 ft,  Caloric 
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i ft.  Caloric  Is  fuppofed  to  be  a fubftance  of  a 
very  fubtil  nature,  which  being  difperfed  through 
bodies  in  various  proportions,  caufes  different 
degrees  of  heat,  repelling  the  particles  from  each 
other,  and  conftantly  endeavouring  to  overcome 
their  mutual  attraction.  So  long  as  thefe  two 
forces  of  repulfion  and  attraction  are  in  equili- 
brium, the  body  remains  in  its  natural  ftate  : but 
if  the  caloric  be  encreafed,  this  ftate  is  changed 
from  folid  to  fluid,  or  from  fluid  to  vapour : and 
vice  verfa,  by  diminifhing  the  caloric  the  body 
changes  from  vapour  to  fluid,  or  from  fluid  to 
folid.  In  thefe  changes  the  temperature  and 
preffure  of  the  atmofphere  muft  be  carefully 
taken  into  account : for  by  encreafing  the  tempe- 
rature, and  diminifhing  the  preffure,  the  body 
becomes  more  readily  difpofed  to  alter  its  ftate : 
becaufe  the  former  adds  to  the  quantity  of  caloric, 
while  the  latter  fuffers  it  to  expand  and  feparate 
the  particles  with  more  eafe.  In  proof  of  this 
laft  affertion,  let  a fmall  bottle  be  filled  with 
ether,  and  a bladder  tied  round  its  neck  ; let  it 
then  be  placed  in  the  receiver  of  an  air  pump, 
through  which  a wire  is  made  to  pafs : when  the 
receiver  is  exhaufted,  let  the  wire  be  pufhed 
down  fo  as  to  make  a hole  in  the  bladder,  and 
the  ether  inftantly  begins  to  boil,  changing  into 
an  elaftic  vapour  which  fills  the  receiver.  In  this 
experiment  the  only  thing  done  is  taking  away 
the  weight  of  the  atmofphere. 
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In  a given  temperature  and  preffure  of  the 
atmofphere,  the  different  dates  of  bodies,  folid, 
fluid,  and  aeriform,  depend  upon  the  proportion 
of  caloric  chemically  combined  with  the  body : 
and  the  aeriform,  or  gafeous  date,  is  to  be  confi- 
dered  as  the  highed  degree  of  faturation  in  any 
body  with  this  fubdance.  The  feveral  gafes, 
therefore,  are  but  combinations  of  caloric  (which 
ferves  the  purpofe  of  a folvent)  with  the  refpe&ive 
bafe  of  each  gas. — Thus  deam  is  water  faturated 
with  caloric. 

Caloric  is  capable  of  exiding  in  two  different 
dates ; free  and  combined.  Free  caloric  is  that, 
which  paffes  from  one  body  to  another  till  an 
equilibrium  be  attained,  producing  at  the  fame 
time  fenfible  effe&s  either  upon  our  organs,  or 
upon  the  thermometer ; and  hence  called  feyifible 
heat.  Combined  caloric  is  that,  which  is  fo  fixed 
in  bodies  by  chemical  affinity,  as  to  form  part  of 
their  fubdance,  and  not  to  exhibit  fenfible  effe&s 
like  the  former ; hence  called  latent  heat : of 
which  we  have  fpoken  elfewhere. 

adly.  Light  is  another  of  thofe  fimple  fubdances, 
as  modern  chemids  fuppofe,  capable  of  entering 
into  bodies,  and  of  chemically  combining  with 
them.  When  vegetables  grow  in  the  light,  they 
give  out  vital  air,  but  none  but  noxious  air  in  the 
dark,  even  with  the  application  of  heat.  Hence 
it  is  concluded,  that  the  feparation  or  formation 
of  vital  air  from  the  plants,  depends  upon  the 
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a£lion  of  light  combining  with  it.  If  the  calces, 
or  as  they  are  now  called  oxyds,  of  gold  or  lilver 
be  expofed  to  light,  they  are  revived,  giving  out 
at  the  fame  time  vital  air : and  hence  it  mull 
combine  either  with  this  air  or  with  the  metals. 
In  the  combullion  of  bodies,  light  is  emitted ; 
whence  it  Ihould  feem  to  be  combined  either  with 
the  combultible  body,  or  with  vital  air.  Bodies, 
which  are  neither  perfe&ly  tranfparent,  nor  reflect 
all  the  light  falling  upon  them,  are  heated  by 
light,  and  the  more  fo  in  proportion  as  their  colours 
are  darker.  But  yet  light  and  caloric  are  different 
from  each  other : for  flame  is  vifible  through 
glafs,  yet  no  heat  produced  in  the  focus  of  a con- 
cave mirror  placed  beyond  the  glafs  j and  tran- 
fparent bodies  may  have  light  concentrated  upon 
them,  without  producing  the  effects  of  caloric. 
Let  the  rays  of  the  fun  be  colle&ed  in  the  focus 
of  a bunting  lens,  upon  a bafon  of  cold  water  j 
no  fenfible  change  takes  place : but  if  a fmall 
piece  of  dry  wood  be  thrown  in,  this  will  be  fet 
on  fire,  and  the  water  by  means  of  it  be  made  to 
boil.  The  connexion  and  relation  of  light  and 
caloric  are  but  imperfe&Iy  known  : nor  is  it  afcer- 
tained  whether  one  of  them  be  a modification  of 
the  other  or  not. 

3ly.  Oxygen  is  that  fubllance,  which  forms  the 
gravitating  bafe  of  vital  air,  and  combined  with 
caloric  compofes  this  air,  now  called  oxygen  gas. — 
We  have  fhewn  in  the  foregoing  work,  that  this 
air  is  indifpenfable  to  refpiration  and  cpmbuftion. 
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The  phenomena  of  combuftion  are,  by  the  new 
theory,  refolved  into  the  combination  of  oxygen 
with  bodies  during  this  operation : and  to  the 
fame  caufe  is  afcribed  the  acidity  of  bodies,  which 
is  evolved  by  combuftion  or  otherwife.  From  this 
laft  property  is  derived  the  name  oxygen,  a word 
denoting  the  origin  of  fharpnefs,  or  acid  principle. 
Hence  alfo  thofe  bodies,  with  which  it  has  been 
made  to  combine,  are  called  oxyds,  and  the  aft  of 
combining  ox  yd  at  ion,  or  oxygenation. — The  new 
theory  is  fupported  by  thefe,  among  other  argu- 
ments— firft,  bodies  cannot  be  burned,  nor  acidi- 
fied, without  the  prefence  of  oxygen  : neither  in 
a vacuum,  nor  in  any  kind  of  air,  nor  combined 
with  any  fubftance,  which  do  not  contain  oxygen. 
Whereas  all  bodies,  capable  of  combuftion,  or 
acidity,  can  be  made  to  undergo  thefe  changes 
when  oxygen  is  prefent. — Secondly,  the  combuf- 
tible  and  the  acid  fubftances  are  found  to  gain  in 
weight,  during  thefe  procelfes,  precifely  fo  much 
as  has  been  loft  in  weight  of  oxygen.  If  fulphur 
be  burned  in  oxygen  gas,  or  in  conjunftion  with 
nitre  which  abounds  with  it,  the  fulphuric  acid 
refulting,  exceeds  the  weight  of  the  fulphur  by 
the  lofs  of  weight  which  the  oxygen  or  nitre  fuf- 
tains — whence  it  appears,  that  this  acid  is  a com- 
pound of  fulphur  and  oxygen. 

The  fame  reafoning  applies  to  oxyds  of 
metals,  which  are  formed  by  their  combination 
with  oxygen,  though  this  be  in  lefs  quantity  than 
is  required  to  form  acids. — And  accordingly  thefe 
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combinations  form  different  kinds  of  metallic  falts, 
the  oxygen  working  the  effect  of  an  acid. 

Although  the  atmofphere  confifts  of  all  thofc 
fubftances,  which  in  its  prefent  weight  and  tem- 
perature can  retain  the  form  of  gafes,  together 
with  all  thofe  which  can  be  held  in  folution  by 
them  ; yet  the  ftratum  of  air  neared  the  earth,  is 
found  to  confift  of  two  elaftic  fluids ; one  of  which 
fupports  the  refpiration  of.  animals,  calcines  metals, 
and  burns  combuftible  bodies  ; the  other  dcflroys 
animal  life,  and  admits  neither  combuftion  nor 
calcination.  This  appears  from  the  following 
experiment — if  mercury  be  heated  in  a retort, 
whofe  neck  is  fo  bent  as  to  pafs  under  the  fame 
fluid  contained  in  a veflel  into  a glafs  bell  placed 
over  it,  and  the  quantity  of  atmofpheric  air 
contained  both  in  the  retort  and  bell  be  noted 
before  the  experiment ; it  will  be  found,  that 
when  fo  much  mercury  is  calcined  as  can  be,  the 
air  is  reduced,  having  loft  one-fixth  of  its  bulk, 
and  that  the  mercury  has  gained  in  weight ; that 
the  reduced  air  fufFocates  animals  and  extinguifhes 
flame,  and  that  the  air  abforbed  by  the  mercury 
during  its  calcination,  is  pure  vital  air,  or  oxygen 
gas.  To  prove  this  laft  point,  let  the  calcined 
mercury  be  heated  in  a finall  retort  to  a red  heat ; 
thd  metal  is  revived,  and  an  elaftic  fluid  is  driven 
over,  having  all  the  properties  of  empyreal  and 
referable  air. — Thus  we  fee  by  analyfis  what  are 
the  component  parts  of  atmofpheric  air : and  this 
is  confirmed  by  fynthefls  j for  if  we  combine  the 
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two  airs  above  mentioned,  the  refult  is  found  to 
be  atmoipheric  air. 

From  what  has  now  been  faid,  it  ftiould  feem 
that  oxygen  gas  forms  but  one-fixth  part  of  atmo- 
fpheric  air.  But  this  calculation  is  erroneous,  for 
by  more  accurate  methods  it  is  (hewn  to  contain 
twenty-feven  parts  in  a hundred.  The  error  here 
arifes  from  a confiderable  quantity  of  oxygen  not 
being  abforbed,  on  account  of  its  ftrong  attra&ion 
to  the  mephitic  air  and  to  caloric,  which  its  attrac- 
tion to  the  mercury  is  not  able  to  overcome. 

4I y.  Of  fimple  combuftible  fubftances  there  are 
five  kinds,  phofphorus , fulphur , carbon , hydrogen , 
and  azot.  Phofphorus  and  fulphur  have  been 
already  treated  pretty  much  at  large.  It  will  be 
fuflicient  here  to  ftate  an  experiment,  which  will 
fliew  the  production  of  phofphoric  acid  from  the 
combination  of  phofphorus  with  oxygen,  as  alio 
the  proportion  of  thefe  ingredients  in  the  compo- 
fition. 

Let  a bell-glafs  filled  with  oxygen  gas  be  placed 
over  well  dried  mercury,  and  a certain  weight  of 
phofphorus  in  a fmall  cup  be  laid  upon  the  furface 
of  the  mercury  ; if  a crooked  iron  wire  made  red 
hot  be  introduced,  the  phofphorus  taking  fire  will 
burn  rapidly  with  a brilliant  flame,  and  the  infide 
of  the  glafs  will  be  covered  with  white  flakes  of 
phofphoric  acid.  By  computing  the  weight  of 
oxygen  loft,  and  that  of  the  phofphorus  confumed 
by  combuftion,  it  is  found  that  100  parts  of 
phofphorus  require  154  parts  of  oxygen  for 
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faturation ; and  that  the  combination  produces 
254  parts  of  concrete  phofphoric  acid.  In  this 
procefs,  phofphorus  is  changed  from  a combuflible 
into  an  incombuflible  fubflance,  and  from  an  info- 
Juble  into  a foluble  one,  which  attracts  moiflure 
rapidly  from  the  air,  and  thus  forms  a liquid  con- 
fiderably  heavier  than  water. 

The  fame  refults  would  probably  follow  from 
the  combuftion  of  fulphur,  which  is  known  to 
produce  fulphuric  acid,  by  abforbing  oxygen. 
But  the  fame  accuracy  cannot  be  attained  here  as 
in  the  former  cafe : becaufe  the  acid  is  not  fo 
eafily  condenfed  ; and  becaufe  fulphur  burns  with 
more  difficulty,  and  is  foluble  in  the  different 
gafes. 

Sulphur  and  phofphorus  combine  with  feveral 
other  fubflances.  Thefe  combinations  are  called 
in  the  modern  fyflem  by  the  names  of  fulpburets 
and  phofpborets : thus  the  union  of  fulphur  with 
lead  is  called  Sulphuret  of  Lead ; the  union  of 
phofphorus  with  iron,  Phofphoret  of  Iron ; and 
fo  of  all  others. 

Carbon  is  the  next  of  thofe  fimple  combufiible 
fubflances,  and  is  but  another  name  for  charcoal, 
when  this  is  freed  from  earths  and  falts.  The 
general  method  of  preparing  it  has  been  already 
mentioned ; but  this  may  be  done  more  accu- 
rately by  burning  wood  in  a crucible,  covered 
with  fand,  and  kept  red-hot  for  fome  time.  The 
refult  is  a black  fhining  fubflance,  brittle,  and 
without  tafle  or  finell.  The  mod  violent  fire  (if 
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air  be  excluded)  has  no  other  effeft  than  to  harden 
it : but  when  heated  in  the  open  air  to  370°,  it 
takes  fire,  and,  if  quite  pure,  burns  away  without 
leaving  any  refidue.  In  clofe  veflels  containing 
oxygen  gas  it  likewife  burns,  abforbing  oxygen, 
and  forming  with  it  a gas  called  carbonic  acid, 
which  is  juft  equal  in  weight  to  the  quantities  of 
carbon  and  oxygen  confumed.  This  gas  contains 
28  parts  by  weight  of  carbon,  and  72  of  oxygen  ; 
and  is  the  fame  in  its  properties  with  what  was 
called  fixed  air . It  does  not  condenfe  in  the  com- 
mon temperature  and  preflure  of  the  atmofphere, 
but  remains  in  the  form  of  a gas,  requiring  a large 
quantity  of  water  to  be  diffolved  in. 

Carbon  is  capable  of  being  cryftallized,  in 
which  date  it  is  proved,  by  an  experiment  of 
Mr.  Tennant,  to  be  the  diamond.  He  burnt  to- 
gether in  a clofed  tube  about  2^  grains  of  dia- 
mond with  j of  an  ounce  of  nitre,  by  a flow  heat. 
The  volatile  produft,  which  confifted  of  diamond 
gas  and  oxygen  of  nitre,  was  imbibed  by  the  al- 
kali of  the  nitre  j which  being  difiolved  in  water, 
and  fome  marine  acid  and  lime  added  to  the  fo- 
lution,  a double  attraction  took  place,  and  the 
lime,  united  with  the  oxygenated  gas,  was  pre- 
cipitated. The  fluid  was  then  decanted  off,  and 
the  precipitate  put  into  a vial  full  of  mercury, 
which  was  inverted  into  another  veflel  containing 
the  fame : the  lime  by  its  levity  rofe  to  the  top. 
An  acid  was  then  introduced,  which  had  a (tronger 
affinity  to  lime  than  the  oxygenated  gas  had: 
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this  lafl  was  of  courfc  fet  free,  and  found  to  be  a 
true  carbonic  acid  gas,  both  in  its  properties,  and 
the  proportion  of  its  component  parts ; the 
diamond  gas,  which  weighed  2\  grains,  having 
the  fame  proportion  to  the  oxygen  confumed,  as 
28  to  72,  and  each  of  them  to  the  weight  of  the 
whole  compound  gas,  as  thefe  numbers  refpec- 
tively  to  100. 

The  diamond  can  be  entirely  volatilized  (if  air 
be  prefent)  by  an  heat  fomewhat  greater  than 
what  melts  filver.  A remarkable  experiment  was 
made  by  Francis  I.  of  France,  upon  diamonds  and 
rubies ; which  were  put  in  different  veffels,  and 
expofed  to  a violent  heat  for  twenty-four  hours. 
At  the  end  of  that  time  the  veffels  were  opened; 
no  trace  was  found  of  the  diamonds,  while  the 
rubies  had  not  undergone  any  change,  either  in 
colour,  weight,  or  fhape.  It  was  thought  by 
fome,  that  the  diamond  may  be  volatilized  with- 
out contact  of  air : but  later  and  more  accurate 
experiments  have  (hewn,  that  no  change  is  pro- 
duced under  fuch  circumdances.  And  this  is  a 
further  analogy  between  the  diamond  and  carbon. 

Diamonds  are  generally  found  in  a yellow 
ochre,  or  in  rocks  of  freeftone  and  quartz  ; fome- 
times  in  running  water : thefe  lad  are  brilliant, 
the  former  not  fo.  They  are  fo  hard  as  to  re- 
ceive no  impreffion  from  the  bed-tempered  deel ; 
and  muff  be  ground  by  rubbing  them  againd  each 
other.  In  the  rough  form,  they  are  worth  two 
pounds  derling  the  carat,  or  one  fourth  of  a 
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grain,  provided  they  are  without  blemilh : the 
expence  of  cutting  and  polifhing  amounts  to  about 
four  pounds  more.  The  value,  however,  is  far 
above  what  is  now  hated,  when  they  become 
confiderable  in  fize. 

Charcoal  is  not  liable  to  rot  like  wood  : it  may 
for  this  reafon  be  ufefully  employed  for  hakes  to 
fix  in  the  earth,  and  for  other  purpofes.  If  boiled 
with  meat  tending  to  putrefa&ion,  it  is  thought 
to  cure  and  rehore  it.  The  combinations  with 
charcoal  are  in  the  new  fyhem  called  carburets  ; 
as  carburet  of  iron,  &c.  &c. 

Hydrogen  is  that  fimple  combuhible  fubhance, 
which  forms  the  gravitating  bafe  of  inflammable 
air,  now'-  called  hydrogen  gas.  It  is  called  by  this 
name,  becaufe  by  combuhion,  or  combination 
with  oxygen,  it  forms  water,  as  has  been  already 
mentioned,  and  will  more  fatisfa&orily  be  fliewn 
in  the  next  chapter.  In  the  mean  time  let  it  be 
here  aflumed  as  true. 

Hydrogen  gas  may  be  obtained  by  immerfing 
in  water  any  fubhance,  as  red  hot  iron  or  carbon, 
which  has  hronger  affinity  to  oxygen  than  hy- 
drogen has : this  lah  is  fet  free,  and  combining 
with  caloric  goes  olfi  in  the  form  of  a gas.  It 
may  be  had  in  greater  abundance  by  pouring 
lulphuric  acid  upon  filings  of  iron.  It  diflblves 
jiilphur,  phofphorus,  and  carbon,  forming 
compounds  which  are  refpe&ively  known  by  the 
names  of  fulphurated , phofphoratcd  and  carbonic , 
hydrogen  gas. 
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Sulphurated  hydrogen  gas  is  the  fame  which 
was  formerly  mentioned  under  the  name  of  hepa- 
tic gas , and  may  be  difengaged  by  acids  or  water 
from  hepars  (or  as  they  are  now  called  fulphur- 
ets)  wffiether  of  lime  or  alkalies.  For  inftance, 
if  fulphuric  acid  be  poured  upon  any  fulphuret, 
the  water  accompanying  the  acid  is  decompofed 
by  the  fulphur  attracting  its  oxygen,  and  thus 
its  hydrogen  being  fet  free  dido  Ives  the  re- 
maining fulphur,  to  which  it  has  a llrong  affini- 
ty. The  fame  gas  may  alfo  be  obtained  by  in- 
clofing  fulphur  in  a glafs  filled  with  hydrogen, 
and  melting  the  fulphur  with  a burning  lens  : 
the  hydrogen  gas  becomes  fulphurated,  and  af- 
fumes  all  the  properties  of  hepatic  gas. 

Phofphoratcd  hydrogen  gas  is  procured  by  dif- 
folving  a mixture  of  phofphorus  and  potafii  in 
boiling  water  : phofphorated  acid  is  in  this  pro- 
cefs  formed  by  the  phofphorus  combining  with 
the  oxygen  of  the  w'ater,  while  the  hydrogen, 
being  fet  free,  diffiolves  part  of  the  phofphorus 
and  flies  off  in  the  form  of  a gas.  If  this  gas  be 
mixed  with  oxygen,  or  even  with  atmofpheric 
air,  it  becomes  luminous ; and  with  a flight  heat 
burns  rapidly,  yielding  water  and  phofphoric 
acid. — And  hence  it  appears,  that  this  combufli- 
on  is  nothing  more  than  the  ultimate  union  of 
oxygen  with  the  conftituent  parts  of  the  gas;  for 
the  fame  effe&s  are  produced  by  both. 

Carbonic  hydrogen  gas  may  be  obtained  in  dif- 
ferent ways:  by  expofing  vegetables  to  a red 
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heat ; by  combining  fulphuric  acid  with  fpirit  of 
wine ; by  palling  ether  through  a red  hot  glafs 
tube,  kc. : and  it  riles  fpontaneoufly  from  mar- 
fhy  grounds,  though  in  this  laft  cafe  mixed  with 
other  gafes.  Thefe  different  effects  may  be  ex- 
plained by  the  fame  principle,  viz.  that  hydrogen 
and  carbon  form  a great  part  in  the  compofition 
of  vegetable  as  well  as  animal  fubftances : and 
when  by  any  means  thefe  principles  are  made  to 
combine  in  the  gafeous  hate,  they  compofe  car- 
bonated hydrogen  gas.  For  inftance  when  ve- 
getables are  expofed  to  a red  heat,  their  oxygen 
(which  is  alfo  an  ingredient  in  them)  combines 
with  part  of  the  carbon,  to  which  it  has  a very 
ffrong  affinity  at  this  degree  of  heat,  forming 
Carbonic  acid ; and  the  hydrogen,  combining 
with  a portion  of  the  carbon,  flies  off  in  the 
form  of  the  gas  now  under  confideration.  Again, 
when  fulphuric  acid  combines  with  fpirit  of  wine, 
the  acid,  or  the  water  accompanying  the  acid 
is  decompofed  by  the  carbon  attra&ing  its  oxy- 
gen in  the  degree  of  heat  occafioned  by  the 
mixture,  and  the  hydrogen  combines  with  another 
portion  of  the  carbon  in  the  gafeous  date. 

Azot  forms  the  gravitating  bafe  of  that  me- 
phitic air,  which  remains  after  feparating  oxygen 
gas  from  atmofpheric  air.  In  the  common  pref- 
fure  and  temperature  it  is  always  in  the  ftate  of 
a gas,  called  azotic  gas,  which  makes  about  73 
parts  in  100  of  the  atmofphere.  -Azot  is  a con- 
flituent  part  of  animal  bodies,  being  combined 
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in  them  with  hydrogen,  carbon,  and  fometimes 
phofphorus.  It  forms  in  conjunction  with  oxy- 
gen the  nitrous  acid,  of  which  it  compofes 
about  13  parts  in  100,  the  remaining  87  being 
oxygen.  This  may  be  {hewn  by  introducing 
the  two  gafes  in  thefe  proportions  above  mercury 
in  an  inverted  glafs  vdfel,  and  by  palling  the 
eleCtric  fpark  through  them,  to  form  their  union : 
the  gafes  gradually  difappear,  and  nitrous  acid 
is  found  in  their  place.  In  this  experiment  ca-. 
loric  flies  off,  while  azot  and  oxygen  by  their 
union  from  the  acid.  When  combined  with  hy- 
drogen, azot  forms  volatile  alkali,  now  called 
Ammoniac. 

Azotic  gas  may  be  obtained  by  putting  ful- 
phuret  of  potafh  or  of  lime  in  a glafs  vdfel  filled 
with  atmofpheric  air,  and  well  clofed  : upon  the 
application  of  heat,  all  the  oxygen  is  foon  ab- 
forbed,  leaving  the  azotic  gas  behind.  This 
gas,  though  it  fhould  feein  to  be  a very  com- 
pounded fubftance,  by  reafon  of  the  great  num- 
ber of  exhalations  and  vapours,  to  which  the 
atmofphere  is  liable,  has  yet  never  been  analyzed 
and  is  therefore  confidered  as  a Ample  fubftance. 
It  compofes  nearly  two  thirds  of  the  atmof- 
phere. 

5th,  Metals  are  another  clafs  of  Ample  bodies 
laid  down  in  the  modern  fyftem.  Thefe  have 
been  examined  pretty  much  at  large  in  the  fore- 
going treatife ; fo  that  it  will  not  be  neceflary  to 
dwell  upon  this  part  of  the  fubjett  farther  than 

to 
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to  make  fuch  obfervations  as  arife  out  of  the 
new  theory. 

lfl  Then,  it  fhould  be  obferved  that  the  calces 
of  metals  are  now  looked  upon  as  combinations  of 
them  with  oxygen,  and  are  therefore  called 
cxyds : and  andly,  that  no  metal  can  unite  with 
an  acid  unlefs  it  be  frft  reduced  to  the  oxyd 
hate,  by  attracting  oxygen  either  from  the  acid 
or  from  the  water  accompanying  the  acid,  by 
which  means  a decompofition  of  the  acid  or  water 
takes  place  previous  to  the  formation  of  the  neu- 
tral metallic  fait.  And  hence  it  is,  that  when  a 
metal  is  prefented  to  an  acid  capable  of  diflolving 
it,  an  effervefcence  takes  place  which  is  owing 
to  the  difengagement  of  fome  gas  either  from  the 
acid  or  water,  upon  its  being  fet  free  from  ox- 
ygen. Thus,  when  a metal  is  diffolved  in  nitrous 
or  as  it  is  now  called  nitric  acid , which  confifts 
of  oxygen  and  azot,  this  laft  always  efcapes.  But 
if  the  acid  be  fulphuric,  the  gas  which  efcapes 
is  fulphureous  or  hydrogen,  according  as  acid  it- 
felf  or  the  water  is  decompofed.  In  the  cafe  of 
nitric  acid  it  may  be  thought  that  hydrogen  Ihould 
alfo  efcape  upon  the  decompofition  of  its  water : 
but  it  combines  with  the  oxygen  of  the  nitric 
acid,  forming  new  water,  while  the  azot  efcapes; 
oxygen  being  much  more  abundant  in  this  than  in 
fulphuric  acid,  and  having  lefs  affinity  to  azot 
than  to  hydrogen. 

The  fame  principle  fhews  why  metallic  oxyds 
are  diffolved  in  acids  without  elfervefccnce ; be- 
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caufe,  being  already  faturated  with  oxygen,  they 
do  not  decompofe  the  acid  or  water  by  attracting 
their  oxygen,  and  of  courfe  do  not  diiengage  any 
gas,  by  which  difengagement  the  efFervefcence 
is  occafioned.  And  on  the  fame  account  metals 
are  infoluble  in  an  acid,  unlefs  they  have  a 
ftronger  affinity  to  oxygen,  than  the  bafe  of  the 
acid  has. 

Metals  are  not  capable  of  becoming  oxyds  by 
arbitrary  combinations  with  oxygen,  or  even  in  a 
great  variety  of  degrees.  For  the  mod  part  the 
oxyds  of  one  metal  are  not  above  two : in  fome 
are  three.  But  ftri&ly  and  philofophically  fpeak- 
ing,  it  fhould  feem  that  there  ought  not  to  be 
more  than  one,  viz.  that  which  is  produced  by 
faturation  with  oxygen,  and  that  the  reft  are 
imperfect  in  proportion  as  they  deviate  from 
this. 

Gold  is  capable  of  two  oxyds,  the  yellow  and 
the  purple:  the  yellow  is  obtained  by  precipitating 
gold  from  its  folution  in  aqua  regia  with  lime. 
Neither  the  difference  of  thefe  oxyds,  nor  the 
proportion  of  oxygen  in  each,  have  been  clearly 
afcertained. 

The  oxyds  of  filver  are  two,  the  black  and  the 
blue . One  of  thefe  is  compofed  of  about  ninety 

parts  metal,  and  ten  oxygen.  It  is  procured  by 
precipitating  filver  from  its  folution  in  nitric  acid 
with  lime. 

It  is  doubtful  whether  copper  has  two  or  three 
oxyds,  but  the  latter  is  thought  more  probable ; 
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thefe  are  the  brown , blue , and  green.  The 
brown  is  had  by  combuftion  ; the  blue  by  preci- 
pitating copper  from  its  folution  in  fulphuric  acid, 
•with  lime ; the  green  by  diddling  nitric  acid  off 
copper.  The  brown  oxyd  contains  about  eighty- 
four  parts  metal,  and  fixteen  oxygen. 

Iron  has  two  oxyds,  the  green  and  brown. 
The  green  is  obtained  by  precipitating  iron  from 
its  folution  in  fulphuric  acid  with  alkali  : it  con- 
tains about  feventy-three  parts  metal,  and  twenty- 
feven  oxygen : the  brown,  by  expofing  the  for- 
mer to  air,  it  confiffs  of  fifty-two  parts  iron,  and 
forty-eight  oxygen. 

Lead  has  three  oxyds,  the  white , yellow , and 
red , anfwering  to  the  calces  before  mentioned, 
viz.  white  lead,  litharge,  and  minium.  The 
white  confiffs  of  about  ninety-five  parts  lead,  and 
five  oxygen;  the  red  of  eighty-eight  parts  lead, 
and  twelve  oxygen  ; the  yellow  forne  proportion 
between  thefe  extremes. 

There  are  two  oxyds  of  tin,  the  grey  and  white  : 
the  former  is  procured  by  heating  tin  in  contad 
with  air,  and  contains  ninety  parts  tin,  and  ten 
oxygen  : the  latter  is  the  powder  fublimed  during 
a red  heat,  confiding  of  feventy-feven  parts  tin, 
and  twenty-three  oxygen. — This  laft  oxyd  is 
called  the  Jlannic  acid. 

Mercury  is  thought  to  contain  three  oxyds,  the 
black , yellow , and  red , which  feem  to  anfwer  to 
the  three  calces  before  metioned,  viz.  Ethiops  per 
fe,  turbith  mineral,  and  red  precipitate.  The 
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proportion  of  oxygen  in  the  firft  is  not  afcer- 
tained ; in  the  yellow  there  are  above  ninety-fix 
parts  mercury,  and  above  three  oxygen  ; in  the 
red  above  ninety-two  of  mercury,  and  above  feven 
of  oxygen. 

Antimony  has  two  oxyds,  the  grey  and  white. 
The  grey  is  procured  by  gentle  heat  in  contact 
with  air  ; the  white,  by  a melting  heat  which  fub- 
limes  it  in  flowers. — This  lafl  confifts  of  feventy- 
feven  parts  antimony,  and  twenty-three  oxygen. 

Bifmuth  gives  two  oxyds,  the  brown  and  white . 
The  brown  is  formed  by  fubliming  it  in  contact 
with  air,  and  confifts  of  ninety-four  parts  bifmuth, 
and  fix  oxygen : the  white  is  a precipitate  from 
its  folution  in  nitric  acid  made  by  adding  water, 
and  contains  eighty-four  parts  bifmuth,  and  fix- 
teen  oxygen. 

Of  zinc  there  are  two  oxyds,  the  grey  and 
white . The  grey  is  procured  from  melting  zinc 
in  a moderate  heat,  and  confifts  of  eighty-five 
parts  zinc,  and  fifteen  oxygen  : the  white  is  fub- 
limed  by  a ftronger  heat,  and  contains  more 
oxygen  than  the  former. 

Arfenic  has  two  oxyds,  the  grey  and  white . 
The  grey  is  formed  by  expofure  of  arfenic  to  air ; 
the  white  is  fublimed  by  heat,  and  confifts  of 
ninety  three  parts  arfenic,  and  feven  oxygen. 

Cobalt  yields  a dark  blue  oxyd , both  by  heat, 
and  folution  in  nitric  acid  : in  the  former  cafe,  the 
oxyd  contains  eighty-eight  parts  of  cobalt,  and 
twenty-thrfte  of  oxygen.  Nickel  gives  a brown 
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oxyd,  confiding  of  feventy-feven  parts  nickel,  and 
twenty-three  oxygen. 

Manganefe  has  two  oxyds,  a black  and  white . 
The  black  may  be  had  by  expofure  of  manganefe 
to  air,  but  better  by  the  action  of  heat,  confiding 
of  feventy-five  parts  manganefe,  and  twenty-five 
oxygen ; the  white,  by  pouring  muriatic  acid 
upon  the  black  oxyd,  and  contains  eighty  parts 
manganefe,  and  twenty  oxygen. 

Thefe  are  the  priiicipal  matters  relative  to 
metals  arifing  from  the  new  theory.  As  to  their 
combinations  with  fulphur,  phofphorus,  and  car- 
bon, fuch  of  them  as  have  been  applied  to  ufe,  or 
feemed  to  contain  any  important  principle,  have 
been  already  examined,  fo  far  as  the  nature  of 
this  work  would  admit. 

6th.  The  lad  clafs  of  fimple  bodies  to  be 
mentioned  are  earths,  of  which  eight  kinds  are 
enumerated,  viz.  Lime,  Magnefia,  Barytes,  Si- 
lica, or  pure  filiceous  earth,  Alumina,  or  pure 
argillaceous  earth,  Strontites,  Jargonia,  and  Ada- 
manta.  The  five  fird  have  been  already  examined. 

The  Jlrontites , found  in  the  ore  of  a lead  mine 
of  Strontian  in  Argylediire,  confids  of  carbonic 
acid,  and  a peculiar  earth : the  acid  may  be  fepa- 
rated  by  heat.  The  earth  is  white,  and  has  a 
pungent  tade  and  fmell.  It  may  be  didolved  in 
hot  water : the  folution  affords  crydals,  which 
contain  about  fixty-eight  parts  of  water  in  ioo. 
Thefe  crydals,  by  expofure  to  air,  attract  carbonic 
acid,  and  fall  to  powder.  • 
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Jargonia  is  the  earth  of  a precious  {tone  called 
jargon,  which  is  found  in  Ceylon.  This  (tone  is 
of  various  colours,  and  often  cryftallized.  In  a 
melting  heat  little  of  its  weight  is  loft : it  relifts 
all  action  of  the  acids,  unlefs  it  be  diifolved  in 
mineral  alkali,  when  it  is  afted  upon  by  the  mu- 
riatic acid,  and  found  to  contain  thirty-eight  parts 
lilica,  five  of  a mixture  of  nickel  and  iron,  the 
remaining  fifty-feven  a peculiar  earth. 

Adamanta  is  the  earth  of  an  adamantine  fpar 
found  in  the  Eaft.  The  fpar  is  grey,  cryftallized, 
and  fo  very  hard  as  to  cut  glafs.  When  analyfed 
(which  is  extremely  difficult)  it  is  found  to  contain 
alumina  and  adamanta. 

It  was  a conje&ure  of  M.  Lavoifier,  that  the 
primitive  earths  are  only  metallic  oxyds,  whofe 
oxygen  is  fo  ftrongly  combined  with  their  bafes, 
as  not  to  be  feparable  by  its  affinity  to  carbon , 
and  that  on  this  account  they  have  not  yet  been 
reduced  to  the  metallic  ftate.  And  his  conjecture 
feems  to  be  confirmed  by  fome  experiments  made 
upon  chalk,  magnefia,  and  barytes  : which  being 
(in  a pure  ftate)  mixed  with  charcoal,  and  made 
into  a pafte  with  oil ; then  furrounded  with  char- 
coal, and  fubmitted  to  a ftrong  melting  heat  for 
about  two  hours,  afforded  metallic  buttons. — Yet 
fome  have  obje<fted,  that  thefe  are  derived  either 
from  the  charcoal,  or  crucibles  which  contain 
metallic  matters,  and  can  no  more  be  confidered 
as  diftinct  metals,  than  fiderite,  now  known  to 
be  phofporated  iron,  or  plumbago  carbonated 
iron. 
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Of  Compound  Bodies, 


Under  the  head  of  Compound  Bodies  are 
claffed  thofe,  which  confift  of  two  or  more  fimple 
fubftances.  Of  the  firft  kind  are  reckoned  five 
in  number,  viz.  ift,  Water ; 2dly,  Alcohol ; 
3dly,  Oils  ; 4thly,  Alkalies;  5thly,  Acids. 

i . Many  of  the  properties  of  water  have  been 
already  examined ; and  the  moil  important  mat- 
ter now  remaining  is  to  prove,  that  it  is  com- 
pounded of  two  fimple  fubftances,  oxygen  and 
hydrogen,  which  is  fhewn  both  by  analyfis  and 
fynthefis  f analytically  by  the  following  experi- 
riments. 

A long  glafs  tube,  well  annealed  and  coated 
over,  was  laid  almofl  horizontally  acrofs  a fur- 
nace. At  the  higher  end  it  was  luted  to  a retort 
containing  diftilled  water ; at  the  lower  to  a 
worm,  which  was  fitted  to  the  neck  of  a glafs 
vefiel ; and  in  this  veficl  was  alfo  inferted  a bent 
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tube,  through  which  any  elaftic  produ&s  may 
efcape  into  a proper  apparatus.  Fires  being 
lighted  in  the  furnace  above  mentioned,  and  in 
another  under  the  retort,  the  water  was  diftilled 
over  into  the  glafs  velfel,  without  any  change  in 
its  weight  or  properties. 

Matters  being  again  difpofed  as  before,  twenty- 
eight  grains  of  carbon  were  put  into  the  long 
tube  over  the  furnace.  When  the  water  was  all 
diftilled,  the  carbon  had  vaniflied,  and  the  elaftic 
products  were  found  to  confift  of  carbonic  acid 
and  hydrogen  gafes.  Now  carbonic  acid  gas 
being  known  to  contain  twenty-eight  parts  of 
carbon,  and  feventy-two  of  oxygen  in  an  hundred, 
by  fubdu&ing  the  former  we  have  the  weight  of 
the  latter,  which  added  to  the  weight  of  the 
hydrogen,  viz.  about  13d  grains,  is  found  to  be 
the  weight  loft  by  the  water,  viz.  about  85-^ 
grains.  Whence  it  appears,  that  part  of  the 
water  was  converted  into  thefe  two  gafes,  nearly 
in  the  proportion  to  each  other  of  72  oxygen  to 
13  \ hydrogen. 

Again : in  place  of  the  carbon  was  put  foft 
iron  in  thin  plates,  fpirally  rolled  up,  to  the 
amount  of  274  grains  : the  refult  now  is,  that 
the  iron  has  acquired  eighty-five  grains,  the  elaftic 
produft  contains  fifteen,  and  the  water  has  loft 
the  fum  of  both,  viz.  an  hundred.  But  the  iron 
has  gained  oxygen,  being  a true  oxyd ; and  the 
elaftic  produft  is  hydrogen  gas ; fo  that  the  fame 
effect  follows  as  before,  and  the  proportion  ftill 
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continues:  85  being  to  15  as  72  to  a little 
above  13^. 

The  conclufion  eftablifhed  by  this  analyfis  is 
fynthetically  confirmed  by  the  following  experi- 
ment. A large  hollow  globe  or  balloon  of  glafs 
has  its  neck  fo  contrived,  as  to  admit  four  tubes 
to  be  inferted  ; one  for  exhaufling  it  of  air,  two 
more  for  conveying  into  the  balloon  oxygen  and 
hydrogen  gafes ; and  the  fourth  to  pafs  a wire 
with  a knob  at  the  end,  for  the  purpofe  of  con- 
veying the  ele&ric  fpark  within  the  balloon  to  the 
hydrogen  tube  : the  three  firfl  tubes  are  furnifhed 
with  flop-cocks.  The  balloon,  being  exhaufled 
of  air,  is  filled  with  oxygen  gas,  well  purged  from 
all  moifture  and  faline  matter,  and  then  pure  hy. 
drogen  gas  is  preffed  in.  This  lafl  foon  receives 
fire  from  the  eleftric  fpark;  and  the  combuftion 
may  be  continued  at  pleafure  by  keeping  up  a 
fupply  of  the  gafes.  As  the  procefs  goes  on, 
■water  is  formed ; its  weight  found  equal  to  the 
weights  of  the  oxygen  and  hydrogen  employed  ; 
and  the  quantities  of  each  of  thefe  gafes  in  the 
proportion  above  dated  of  eighty-five  to  fifteen. 

Thefe  experiments  were  made  by  Lavoifier, 
and  were  afterwards  repeated  with  great  accuracy 
by  Fourcroy  and  others,  giving  nearly  the  fame 
refults.  The  fmall  differences  may  arife  from 
different  temperatures,  the  different  fubflances 
ufed  to  obtain  the  gafes,  &c.  &c.  but  do  not  effect 
the  main  point.  It  was  Mr.  Cavendifh,  who 
firfl  produced  water  by  burning  hydrogen  gas 
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with  common  air,  and  afterwards  with  oxygen 
gas.  Mr.  Watt,  however,  it  feems,  had  conceived 
the  fame  idea  of  its  compofition,  before  Caven- 
difh  had  publHhed  his  experiment. 

2.  Alcohol , or  Spirit  of  Wine,  has  been  already 
treated  of.  It  is  one  of  the  refults  of  vinous  fer- 

1 

mentation  from  faccharine  fubftances  ; which  con- 
fifting of  oxygen,  carbon,  and  hydrogen,  are  re- 
duced into  two  portions ; one  part  confifting  of 
oxygenated  carbon  or  carbonic  acid ; the  other 
of  hydrogen  combined  with  carbon,  or  alcohol. 
Thefe  principles  of  the  alcohol  do  not  exift  in  the 
ftate  of  oil,  but  are  united  to  a portion  of  oxygen, 
which  makes  them  capable  of  mixing  in  water : 
fo  that  in  ftri&nefs,  alcohol  confifts  of  three  prin- 
ciples in  a fort  of  equilibrium,  which  being  de- 
ftroyed,  thefe  elements  become  re-combined  two 
and  two,  forming  water,  oil,  and  carbonic  acid. 

3.  Oils  have  likewife  been  examined  before. 
They  are  compofcd  of  hydrogen  and  carbon,  and 
may  be  converted  into  vegetable  oxyds,  or  even 
acids,  by  the  addition  of  oxygen.  Sugar,  for 
inftance,  is  a vegetable  oxyd,  confifting  of  an  oil, 
or,  perhaps,  fpeaking  more  accurately,  of  the 
principles  of  an  oil,  united  to  oxygen ; of  which 
laft  it  contains  fixty-four  parts,  of  hydrogen 
eight,  and  of  carbon  twenty-eight  in  an  hundred. 
Lavoifier  analyzed  olive  oil,  and  found  it  to  con- 
fift  of  feventy-nine  parts  carbon,  and  twenty-one 
hydrogen. 
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4.  The  three  alkalies,  called  vegetable,  mineral, 
and  volatile,  fpoken  of  pretty  fully  elfewhere,  are 
now  feverally  known  by  the  names  of  potajh,foday 
and  ammonia . There  is  a ftrong  affinity  between 
thefe  fubftances  and  acids : whence  in  the  procefs 
of  making  potaffi  from  the  combuffion  of  vege- 
tables, fome  carbonic  acid,  formed  by  the  union 
of  oxygen  with  their  carbon,  remains  attached 
to  it.  This  may  be  eafily  feparated,  by  adding 
tp  a folution  of  potaffi  in  water,  two  or  three 
times  the  weight  of  quicklime,  to  which  the  car- 
bonic acid  has  a greater  affinity  : the  potaffi  now 
becomes  foluble  in  alcohol ; and  Berthollet  em- 
ploys this  property  to  procure  it  in  perfect: 
purity. 

Potaffi  readily  unites  with  fulphur,  forming 
with  it  fulphuret  of  potafh : it  may  be  procured 
either  by  melting  the  ingredients  together,  or  by 
boiling  them  in  water  till  they  are  diffolved,  and 
filtering  the  folution.  This  fulphuret,  when 
moiftcned  with  water,  abforbs  all  the  oxygen  con- 
tained in  the  fame  velfel  with  it  ; and  if  in  the 
fame  flate  expofed  to  the  atmofphere,  it  attracts 
fo  much  oxygen,  as  converts  its  fulphur  into  ful- 
phuric  a<pid.  Potaffi  does  not  combine  with  metals 
unlefs  they  are  oxydated,  as  appears  from  what 
was  formerly  laid  under  the  heads  of  Glafs  and 
Enamel. 

Soda  has  many  properties  in  common  with  pot- 
affi, though  fome  diffin&ive  chara&ers : neither 
of  them  have  yet  been  analyzed,  nor  is  it  known' 
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with  certainty,  whether  they  are  compounded 
fubftances  or  not,  although  it  is  mod  probable 
they  are  lo ; for,  from  late  experiments,  foda  is 
thought  to  be  a modification  of  magnefia,  which 
is  by  fome  accounted  a metallic  oxyd,  as  before 
mentioned  ; and  by  analogy  we  may  conclude  the 
fame  of  potafli. 

Ammonia  is  found  by  analyfis  to  contain,  in 
1000  parts,  807  of  azot,  and  193  of  hydrogen. 
It  is  chiefly  procured  from  animal  fubftances  by 
diftillation,  but  impure,  being  mixed  with  oil  and 
water,  and  often  faturated  with  carbonic  acid. 
It  is  purified  by  firft  adding  an  acid,  e.g.  the  mu- 
riatic, and  afterwards  an  alkali.  Ammonia  may 
be  formed  fynthetically  by  combining  the  two 
gafes  above  mentioned  ; as  appears  from  putting 
iron  filings  moiftened  with  water  into  a fmall  vef- 

o 

fel  filled  with  azot : the  iron  decompofes  the 
water  by  attracting  its  oxygen,  while  the  hydro- 
gen of  the  water,  being  fet  free,  combines  with 
, the  azot,  and  forms  ammonia. 

5.  Acids : the  moft  important  of  thefe  have 
been  already  examined.  The  fulphuric  acid  con- 
tains about  fixty-three  parts  fulphur,  and  rear 
thirty-feven  oxygen.  It  oxydates  moft  metals, 
and  unites  with  all  the  alkalies  and  feveral  of  the 
earths.  Its  combinations  are  called  fulpbats  : thus 
green  vitriol  is  fulphat  of  iron , blue  vitriol  ful- 
phat  of  copper , white  vitriol  fulphat  of  zinc , gyp- 
fum  or  felenite  fulphat  of  lime , Glauber’s  fait 
fulphat  of  foda ; and  fo  of  all  others.  There  is 

another 
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another  combination  of  fulphur  with  a lefs  quan- 
tity ot  oxygen  than  goes  to  the  formation  of  ful- 
phuric  acid  : this  in  the  new  fyflem  has  the  name 
of fil phur oas  add , and  its  various  combinations 
with  other  fubftances  are  called  fulpbitcs.  The 
terms  fulphat  and  fulphite,  as  applied  to  metals, 
anfwer  to  the  two  dilferent  degrees  of  oxydation, 
which  take  place  in  feveral  of  them. 

Nitric  acid , formerly  called  nitrous  acid,  con- 
fifts  of  two  principles  azot  and  oxygen  : and  ac- 
cording to  the  different  proportions  of  thefe  it 
obtains  different  names,  viz.  nitric  acid  faturated 
with  oxygen,  nitrous  acid  containing  a much 
lefs  quantity,  and  nitrous  gas,  flill  lefs.  Lavoi- 
fier  eflimates  the  proportion  of  oxygen  to  azot  in 
nitric  acid  to  be  nearly  four  to  one.  Cavendifh 
makes  it  not  more  than  three  to  one : the  pro- 
portion in  nitrous  gas  is  about  two  to  one.  In 
diftilling  nitre  with  fulphuric  acid,  nitrous  and 
not  nitric  acid  is  obtained,  by  reafon  of  a great 
quantity  of  oxygen  efcaping  with  caloric,  to 
which  in  a high  temperature  it  has  a ftronger  af- 
finity than  to  nitrous  acid  : and  hence  there  is  not 
enough  of  oxygen  to  form  nitric  acid.  However 
by  heating  the  acid  fo  obtained  over  a gentle  fire, 
the  fuperabundant  nitrous  gas  efcapes,  and  the 
due  proportion  for  compoling  nitric  acid  is  reftor- 
ed.  Again,  if  a glafs  be  filled  with  nitric  acid, 
and  inverted  into  a velfel  containing  the  fame, 
the  acid  in  the  glafs  is,  by  expofure  to  light,  de- 
compofed  3 the  upper  part  of  the  glafs  contain- 
ing 


COMPOUND  BODIES. 


3 1 7 


mg  oxygen  over  the  acid  now  changed  into  ni- 
trous. And  hence  alfo  it  appears  that  nitric 
acid  is  compounded  of  nitrous  acid  and  oxygen. 

Nitre  may  be  formed  by  a combination  of 
azot  and  oxygen  with  potafh  ; viz.  by  introducing 
a mixture  of  thefe  gafes  into  a tube  above  mer- 
cury, till  it  occupies  three  inches  of  the  tube, 
and  a folution  of  potafh  filling  about  half  an  inch; 
and  then  palling  through  the  tube  feveral  electri- 
cal fparks  till  the  gafes  vanilh.  The  refult  is 
found  to  be  nitre  : the  gafes  therefore  compofe 
nitric  acid,  when  the  caloric  efcapes. 

The  combinations  of  nitric  acid  with  different 
fubftances  are  called  nit  rats,  as  nit  rat  of  foda , 
or  nitre,  nitrat  of  potafh , or  cubic  nitre  ; nitrat 
of  filver , or  lunar  nitre.  And  fo  of  the  reft. 
Combinations  of  nitrous  acid  are  called  nitrites . 

Muriatic  acid  has  not  yet  been  decompofed 
by  chemical  experiments.  Berthollet  conjectures 
its  bafe  to  be  of  a metallic  nature  : others  fuppofe 
it  to  be  fulphurated  hydrogen,  and  fupport  their 
opinion  in  the  following  manner.  If  fulphur- 
ated hydrogen  gas  be  diffolved  in  water,  and 
iron  be  added  to  the  folution,  after  fome  time  a 
fait  is  obtained  by  evaporation  ; on  which  if  ful- 
phuric  acid  be  poured,  a vapour  is  difcharged 
fimilar  to  muriatic  gas  in  its  properties.  One  of 
thefe  is,  that  paper  moiftened  with  lime  water 
being  held  over  the  vapour,  exhibits  the  appear- 
ance of  a grey  fmoke.  Oxygen  being  in  this 

procefs 
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procefs  attracted  by  the  iron,  the  gas  which  flies* 
oiT  mull  of  courfe  be  fulphurated  hydrogen. 

Muriatic  acid,  obtained  in  the  common  way 
of  diddling  fea-falt  with  fulphuric  acid,  is  capa- 
ble of  combining  with  Hill  more  oxygen,  by  be- 
ing diflilled  from  the  oxyds  of  manganefe,  lead, 
or  mercury.  In  this  lad  date  it  was  called  dephlo- 
gidicated,  but  is  now  called  oxygenated  muriatic 
or  oxy-muriatic  acid ; it  is  in  the  form  of  a gas, 
which,  like  the  former,  is  abforbed  by  water, 
though  in  lefs  quantity  ; after  a certain  point  of 
the  abforption,  the  acid  falls  to  the  bottom  in  a 
concrete  form.  Both  thefe  acids  oxydate  and 
diffolve  feveral  of  the  metals.  All  their  com- 
binations with  different  fubdances  derive  their 
names  from  the  acids : thofe  of  the  former  be- 
ing called  muriats , and  thofe  of  the  latter,  oxy-> 
muriats  ; thus  mur'tat  of  potajh , or  fait  of  fylvius, 
muriat  of  foda , or  common  fea-falt,  muriat  of 
ammonia , or  fal-ammoniac,  &c.  &c.;  and  thus  alfo 
oxy -muriat  of  mercury , or  corrofive  fublimate, 
which  may  be  made  by  diffolving  mercury  in  this 
acid. 

Muriatic  acid  poffeffes  the  power  of  dedroy- 
ing  putrid  exhalations ; probably  from  its  clofe 
affinity  to  volatile  alkali,  which  makes  a con- 

J 

fiderable  part  of  them. 

Oxy-muriatic  acid  is  at  prefent  much  ufed  in 
bleaching,  on  account  of  the  extraordinary  quick- 
nefs  with  which  it  is  found  to  compleat  the  pro- 
cefs, by  its  known  property  of  diffolving  the 
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extractive  matter  of  vegetables,  and  rendering 
them  colourlefs.  This  is  owing  to  its  fuper- 
abundant  oxygen : for  oxygen  is  a principle 
which  feems  indifpenfable  to  the  procefs,  in 
whatever  method  it  may  be  conduced,  and  ex- 
plains the  reafon  of  expofing  cloth  to  air  and 
water,  as  well  as  every  other  means  ufed  in  the 
manufacture  of  bleaching.  How  far  the  acid 
may  injure  the  cloth,  is  not  yet  afcertained  ; 
and  perhaps  this  may  depend  upon  the  bafe  of 
the  acid,  rather  than  on  its  acidifying  princi- 
ple. 

To  the  remaining  acids  mentioned  in  the 
courfe  of  this  work,  it  will  be  fufficient  to  give 
their  names  according  to  the  new  fyflem  ; as  a 
more  detailed  examination  of  them  would  exceed 
the  limits  firft  propofed. 
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Acid  of  Pliofphorus 
Borax 

Fluor  Spar 

Amber 

Sugar 

Tartar 

Lemons 

Apples 

Vinegar 

Galls 

Camphor 

Benzoin 

Milk 


Sugar  of  Milk  - 

Pruffian  blue 

Ants 

Fat 

Animal  Subfiances 


Called  Phophoric 
Boracic. 

Fluoric. 

Succinic. 

Oxalic. 

Tartarous. 

: Citric. 

Malic. 

Acetic. 

Gallic. 

Camphoric. 

Benzoic. 

Laftic. 

Saccola&ic. 

Pruffic. 

Formic. 

Sebacic. 

Zoonic. 


The  fubflances  treated  under  the  different 
heads  in  this  chapter,  are  confidered  as  com- 
pounded of  two  ingredients  only.  There  are 
many  others,  which  confifl  of  more,  and  which, 
being  made  up  of  bodies  compounded  in  them- 
felves,  are  fometimes  on  that  account  called 
doubly  compound.  Of  thcfe  we  fhall  take  but 
a ilight  notice ; the  principal  of  them  having 
been  already  examined  at  fome  length. 
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Soaps  arc  fubftances  of  a doubly  compound 
kind  ; becaufe  whether  they  be  alkaline  or  acid, 
or  of  any  other  fpecies,  they  are  formed  by  com- 
pounded bodies.  Thus  alkaline  foaps  are  com- 
binations of  oils  and  alkalies ; earthy  foaps  are 
combinations  of  the  alkaline  with  earths,  as  foap 
of  lime  is  produced  by  pouring  lime-water  into  a 
folution  of  common  foap,  foap  of  magnefia  by 
mixing  folution  of  common  foap  with  fulphat  of 
magnefia ; metallic  foaps  are  combinations  of  the 
alkaline  with  oxyds  of  metals,  as  foap  of  iron  is  a 
combination  of  common  foap  with  fulphat  of 
iron,  foap  of  tin  a combination  of  it  with  a folu- 
tion of  tin  in  nitro-muriatic  acid,  &c.  See. 

Acid  foaps  are  combinations  of  an  acid  with 
different  kinds  of  oils.  Thefe  combinations  have 
yet  been  found  to  take  place  only  with  the  ful- 
phuric  acid ; and  may  be  made  by  gradually 
mixing  three  parts  of  the  boiling  oil  with  two 
parts  of  the  acid,  and  triturating  them  well  to- 
gether. 

Neutral  /alts  are  another  of  the  fame  fpecies ; 
being  combinations  of  acids  with  alkalies,  earths, 
or  metallic  oxyds,  which  are  called  the  feveral 
bafes  of  thofe  falts.  Hence  there  are  as  many 
orders  of  falts  as  there  are  kinds  of  acids ; and  as 
many  fpecies  of  fait  in  each  order,  as  there  are 
different  bafes  capable  of  uniting  with  them.  But 
befide  thefe  are  other  falts  called  triple  falts ; 
which  confift  either  of  two  acids  combined  with 
one  bafe,  or  two  bafes  combined  with  one  acid. 

Of 
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Of  the  former  we  have  an  example  in  the  combi- 
nations of  nitro-rauriatic  acid  with  various  fub- 
ftances  ; which  are  called  nitro-muriats , as  nitro- 
muriat  of  lime,  magnefia,  &c. : and  of  the  latter, 
in  the  fulphats,  nitrats,  and  muriats  of  fuch  fub- 
fhinces  as  confifl;  of  two  bafes,  like  ammonia,  &c. 

It  may  here  be  obferved,  that  as  the  names  of 
fulphat,  nitrat,  and  muriat  are  derived  from  their 
refpe&ive  acids,  fo  the  names  of  phofphat,  fluat, 
oxalat,  acetite,  tartrite,  &c.  mean  the  combi- 
nations of  thefe  feveral  acids  with  different  fub- 
ftances. 

Thus  the  principles,  from  which  the  new  no- 
menclature is  derived,  being  known,  its  conftrue- 
tion  appears  to  be  fimple  and  comprehenfive,  and 
capable  of  being  eafily  extended  to  an  infinite 
variety  of  fubje&s,  whether  of  real  or  imaginary 
exigence.  The  following  table  contains  fome  of 
the  moil  remarkable  combinations,  which  wrere 
diftinguiflied  by  particular  names  under  the  old 
fyflem,  with  their  correfpondent  names  in  the 
new.  They  are  arranged  according  to  the  order 
of  ele&ive  affinities  between  the  feveral  principles 
and  the  refpe&ive  bafes. 


COMBINATIONS 


COMBINATIONS  OF 


mill 

Oxygen 

Hydrogen 

Azot 


Carbon 
Metals  - - 

Sulphur 
Phofphorus 
Azot  - - 


CALORIC,  OR  PRINCIPLE  OF  HEAT . 

New  Names. 

■ Oxygen  gas  - 

■ Hydrogen  gas 
- Azotic  gas 


Old  Names, 

...  Vital  air. 

. . . Inflammable  air. 

. - - Nitrous  gas. 


OXYGEN,  OR  BASE  OF  VITAL  AIR. 

Carbonic  acid  - - - Chalky  acid. 

Oxyds  -----  Calces. 
Sulphuric  acid  - - - Vitriolic  acid. 

Phofphoric  acid  - - Phofphoric  ac  d. 

Nitric  and  nitrous  acid  - Nitrous  acid. 


HYDROGEN,  OR  BASE  OF  INFLAMMABLE  AIR, 


Azot  ...  Ammonia 
Oxygen  - - Water 


- - - - Volatile  alkalit 

- - - - Water. 


CARBON,  OR  FINE  CHARCOAL. 
Iron  - - - Carburet  of  iron  - - Plumbago, 


SULPHUR. 


Copper  - - - 
Iron  - - - 
Zinc  - - - 
Vegetable  alkali 
Mineral  alkali 
Volatile  alkali 
Lime  - r - 
Magnefia  - - 


Sulphuret  of  copper 


: \{ 


■ zinc 

- pfitafh 

- foda  - - 

• ammonia  - 

■ lime  - - 

■ magnefia 


Pyrites. 


) Alkaline  hepars,  or  livers 
I of  fulphur. 

Calcareous  livtr  of  fulphur. 
Magnefian  liver  of  fulphur. 


Hydrogen  gas  ^ Sulphurated  hydrogen  j __  Hepatic  gas. 


SULPHURIC  ACID. 


With 

Barytes  - - 
Vegetable  alkali 
Mineral  alkali 
Lime  - 
Magnefia  - - 

Volatile  alkali 
Clay  - - - 
Zinc  - - - 
Iron  - - - 

Copper  - - 


Vegetable  alkali 
Mineral  alkali 
Volatile  alkali 
Metallic  calces 


Barytes 

Vegetable  alkali 
Mineral  alkali 
Lime  - 
Magnefia  - - 

Volatile  alkali 
Clay  - - - 
Nitric  acid 
Oxygen  - - 


New  Names. 
Sulphat  of 

. — — poi 

fodi. 

lime 

m; 


it|t(h 


agnefia 


■ alumi 


Old  Njmci. 
barytes  - Matmor  metallicum. 

Vitriolated  tartar. 
Glauber’s  fait. 

Gypfum,  or  felenite. 
Epfom  fait. 

Vitriolic  ammoniac. 
Alum. 

White  vitriol. 

Martial  or  green  vitriol, 
Blue  vitriol. 


■ ampioma 
nina 


iron  - - 

copper  - 


NITRIC  ACID. 


Nitrat  of  potali 
, foda 


Nitrats  of  tho 


- Nitre. 

- Cubic  nitre. 


amir  onia  - Nitrous  ammoniac. 


metals  Nitrous  folutions. 


MURIATIC,  OR  MARINE  ACID. 


Muriat  of  barytes  - 

poaflr  - 

foi  la  - - 

lir  le  - - 

' m;  gnefia 


» ■ -■  ammonia 

cl;  y - - 

Nitro-muriatit  acid  - 
Oxy-muriaticiacid  - 


Ponderous  marine  fait. 

Salt  of  Sylvius. 

Common  fait. 

Marine  felenite. 

Magnefian  marine  fait. 

Sal  ammoniac. 

Argillaceous  marine  fait. 
Aqua  regia. 

Dephlogifticated  marine  acid. 
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